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I, INTRODUCTION 

This r e p o r t  conta ins  a c o l l e c t i o n  of subrout ine programs de- 
veloped f o r  chemical engineers and chemical engineering s tuden t s  
t o  a i d  i n  the  s o l u t i o n  of their prablems. Rather tfian developing 
al l -purpose genera l  rou t ines  with many opt ions  which o f t en  make 
them d i f f i c u l t  t o  use,  these subrout ines  w e r e  developed with em- 
phas i s  on p r a c t i c a l  a p p l i c a b i l i t y  i n  the  chemical engineer ing 
f i e l d  and organized t o  make them usable  with a minimum of e f f o r t .  

The subrout ines  descr ibed i n  t h i s  paper are b a s i c  and are 
f r equen t ly  requi red  i n  t h e  r educ t ion  of experimental  da ta  t o  
usable  form a s  we l l  a s  i n  the s o l u t i o n  of computer-oriented chem- 
i c a l  engineer ing  problems. Both FORTRAN I1 and FORTRAN IV ver- 
s i o n s  a r e  provided so that a user  can choose according t o  h i s  
c o n t r o l  program. Control  programs a s  w e l l  as numerical r e s u l t s  
a r e  a l s o  included f o r  each subrout ine  t o  i l l u s t r a t e  i t s  usage. 
Since there a r e  only s m a l l  d i f f e rences  between the  programs i n  
FORTRAN I1 and FORTRAN IV, only FORTRAN I1 program l i s t i n g s  a r e  
given i n  t h e  Appendices a t  t h e  end of t h i s  r e p o r t .  

Some of the r e s t r i c t i o n s  involved i n  t h e  subrout ines ,  such 
a s  dimension s ta tements ,  may be e a s i l y  removed by modifying t h e  
source deck. Both source and b ina ry  decks are ava i l ab le  from 
t h e  author .  

Addit ional  rou t ines  dea l ing  w i t h  mathematical equat ions  such 
a s  ord inary  and p a r t i a l  d i f f e r e n t i a l  equat ions ,  a s  wel l  a s  some 
s p e c i f i c  programs f o r  solving complex chemical engineer ing prob- 
l e m s  such a s  k i n e t i c s ,  d i f f u s i o n  and uns teady-s ta te  t r anspor t  phe- 
nomena, a r e  p re sen t ly  being developed and w i l l  be the subject of 
P a r t  I1 of t h i s  r e p o r t .  

A word of caut ion:  The maximum number of elements i n  a 
two- or  th ree-ar ray  var iab le  s p e c i f i e d  i n  a dimension s ta tement  
of a con t ro l  program should be t h e  same a s  t h a t  i n  a subrout ine  
which i s  c a l l e d  by t h e  con t ro l  program. 
be c a r e f u l  when working w i t h  two- or  three-dimensional va r i ab le s .  

The user  must t he re fo re  
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11. DESCRIPTION O F  ROUTINES 

The r o u t i n e s  are divided i n t o  t w o  classes. The first 
class c o n s i s t s  of non-mathematical r o u t i n e s  w h i c h  are use fu l  
i n  the t rea tment  of chemical engineer ing  problems. The sec- 
ond c lass  c o n s i s t s  of mathematical subrout ines  w h i c h  are fre- 
quen t ly  employed i n  the s o l u t i o n  of the problems. The theo- 
re t ical  and procedural  a spec t s  of the mathematical r o u t i n e s  
are described i n  s tandard works on numerical a n a l y s i s  such as  
those l is ted as  re ferences  a t  the end of this report. 
programs have been used to i l l u s t r a t e  practical  a p p l i c a t i o n s  
or' the subroutines i n  each case. 

Control  

A .  Non-Mathematical Routines 

1) Uni t  Conversion Routine (Subrout ine CONVRT) 

very  o f t e n  necessary i n  the s o l u t i o n  of chemical engineer ing 
problems. For example, if a chemical engineer  wants to use  ther- 
m a l  conduc t iv i ty  data obtained by a physicist who o f t e n  chooses 
Kcal/sec-cm- C as its u n i t ,  he m a y  want to  conver t  the u n i t  i n t o  
Btu/hr-ft2/in-OF. Although it is  n o t  d i f f i c u l t  t o  conver t  one 
u n i t  i n t o  another ,  usua l ly  i t  takes t i m e  and e f for t ,  and there 
i s  the possibil i ty o f  in t roducing  errors. This r o u t i n e  has been 
w r i t t e n  to  make it possible to perform conversions w i t h  greater 
speed and accuracy t h a n  by manual methods. The r o u t i n e  i s  espe- 
c i a l ly  effective i f  the e n t i r e  problem i s  be ing  solved by the 
computer, as  w i l l  be the case i n  m o s t  i n s t ances .  CONVRT has 
been developed i n  such a w a y  that  any a d d i t i o n a l  u n i t s  r equ i r ed  
can be easi ly  added. Most of  the pract ical  u n i t s  employed by a 
chemical engineer  are a l ready  included i n  the rou t ine .  

Conversions of complex u n i t s  f r o m  one scale t o  another  are 

0 

The c a l l i n g  sequence of the r o u t i n e  i s  

CALL CONVRT (N, A ,  B ,  FACTOR) 

w h e r e  
N = a zero or a n  i n t e g e r  number 

A = o r i g i n a l  u n i t  

B = desired u n i t  

FACTOR = conversion factor  

There are two ways of in t roducing  the u n i t s  i n t o  the machine, 
one a s  H o l l e r i t h  arguments of the subrout ine  and the other a s  
i n p u t  data t o  the machine. The arguments N ,  A ,  and B w i l l  have 
somewha t  d i f f e r e n t  f e a t u r e s  depending upon the above t w o  c a s e s ,  
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as  shown i n  t h e  fol lowing example. 

Let u s  consider t h e  conversion of KCAL/(SEC*CM+DEGC) i n t o  
BTU/(HR*(FT**2/INCH)*DEGF). 

a) I f  t h e s e  u n i t s  are introduced a s  H o l l e r i t h  arguments, 
t h e  c a l l i n g  sequence w i l l  have t h e  form 

CALL CONVRT (0, ~~H~KCAL/(SEC*CM*DEGC) , 
b 27H BTU/(HR* (FT**2/INCH) *DEGF) , FACTOR) 

Hence N = 0 

A = I~IPKCAL/ ( SEC*CM*DEGC) 

b 
B = 27H BTU/(HR*(FT**2/INCH)*DEGF) 

(b means a blank space)  

In  t h i s  ca se ,  N should have t h e  value ze ro  because t h i s  is an 
index t o  t e l l  t h e  machine t h a t  t h e  u n i t s  a r e  introduced a s  Holler-  
i t h  arguments. The numbers (19 and 27) i n  f r o n t  of the u n i t s  a r e  
t h e  nwnbers of c h a r a c t e r s  ( inc lud ing  blank spaces)  following t h e  
let ter H, which s t ands  f o r  H o l l e r i t h  f i e l d .  

Some a d d i t i o n a l  examples : 

i) conversion of lb/gal i n t o  Kg/m 
3 

CALL CONVRT (0 ,  7H LB/GAL, 1 0 H  KG/(M**3), FACTOR) 

ii) conversion of cent ipoise  i n t o  lb / f t - s ec  

CALL CONVRT (0, 3H CP,  1 2 H  LB/(FT*SEC) , FACTOR) 

b) I f  t h e  u n i t s  a r e  introduced a s  input  da t a  t o  t h e  machine, 
t h e  c a l l i n g  sequence i s  

CALL CONVRT ( N ,  UNIT1, U N I T 2 ,  FACTOR) 

w h e r e  UNIT 1 and UNIT2 correspond t o  A and B, r e s p e c t i v e l y .  In  
t h i s  case UNIT1 and UNIT2 a r e  v a r i a b l e s  with one-dimensional sub- 
s c r i p t s ,  and t h e  fol lowing s ta tements  should be included i n  t h e  
c o n t r o l  program before  t h e  subrout ine  CONVRT is c a l l e d .  (The 
fol lowing example i s  i n  FORTRAN 11.) 
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DIMENSION UNIT1 (24) , UNIT2 (24) 
N = 1 2  (or 24, see b e l o w )  
READ INPUT TAPE 5,  l , ( U N I T l ( I ) ,  I = 1 , N )  
READ INPUT TAPE 5, 1, (UNIT2(1) ,  I = 1 , N )  

1 FORMAT(12AG) 
...................... 
...................... 

CALL CONVRT (N, UNIT1, UNIT2, FACTOR) 
...................... 
...................... 

END 

KCAL/ (SEC*CM*DEGC) 
BTU/ (HR* (FT**2/INCH) *DEGF) 

* DATA 

The u n i t s ,  both o r i g i n a l  and d e s i r e d ,  are punched on the sepa- 
ra te  c a r d s  a s  i n p u t  da t a .  If any one of the u n i t s  has m o r e  than 
72 characters ( w h i c h  means that one card i s  no t  enough for t h a t  
u n i t ) ,  the va lue  of N should be 24 and t w o  c a r d s  should be given 
as  data for  each u n i t .  If one of the u n i t s  has less than 72  
characters w h i l e  the other has  m o r e  than 72, then the former should 
have a b lank  card immediately fol lowing the d a t a  ca rd  t o  make t w o  
data cards. I f  a u n i t  r equ i r e s  m o r e  than t w o  cards, the dimension 
s ta tement  should be changed to  i n c r e a s e  the storage, and N may 
then  be increased  t o  read i n  m o r e  than t w o  cards .  

N o t e s :  
a )  Whenever f e a s i b l e ,  convent ional  abbrev ia t ions  such a s  

BTU, KG, etc .  w e r e  used i n  the program. However, u s e r s  
are urged t o  check the l i s t  of abbrev ia t ions  provided 
i n  f r o n t  of the subrout ine CONVRT b e f o r e  us ing  i t .  

b) The formation of a complex u n i t  i s  very s i m p l e ;  i t  i s  
s i m i l a r  t o  w r i t i n g  an  arithmetic expression i n  FORTRAN. 
Some r u l e s  a re :  
(i) 

(ii) 

Parentheses  may be used anywhere i n  the complex 
u n i t ,  so as  t o  perform the computation of tha t  p a r t  
of the u n i t  first,  except  i n  f r o n t  of an exponen- 
t i a t i o n  ope ra to r  (**).  This i s  n o t  a s e r i o u s  re- 
s t r i c t i o n  s ince  i n  p r a c t i c e  an exponent ia l  
t i o n  i s  performed on a s i m p l e  u n i t  (e.9. c m  , f t 3 ,  
sec , etc.)  r a t h e r  than on a compound u n i t  i n  the 
formation o f  a complex u n i t .  
The m u l t i p l i c a t i o n  symbol (*) is  used between s i m -  
p le  u n i t s  ( e . g .  SEC*CM*DEGC for sec -cm-OC)  to  sepa- 
r a t e  them. (Actual ly ,  t h e  simple u n i t s  a r e  mul t i -  
plied to form the complex u n i t ,  even though the (-1 
symbol i s  used i n  the convent ional  express ion . )  

qpera- 
2 
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(iii) Squares and  c u b e s  are expressed us ing  the exponen- 
t i a t i o n  opera tor  (e,g. CM**2 f o r  c m 2 ,  and FT**3 
fo r  cubic  foo t )  , 

less than 8. (Only 2 and 3 are used i n  m o s t  cases . )  

used, 

( i v )  The exponent should be an i n t e g e r  w h o s e  va lue  i s  

(v) N o  a d d i t i o n  (+) o r  s u b t r a c t i o n  (-1 symbols may be 

It should be noted that this  r o u t i n e  computes a conver- 
s i o n  factor from one u n i t  t o  another .  For example, i t  

However, the rou t ine  w i l l  n o t  conver t  a temperature of 
100°C i n t o  Fahrenhei t  temperature un le s s  t h e  appropr i a t e  
equat ion i s  provided a f t e r  the r o u t i n e  CONVRT i s  c a l l e d .  
I n  t h i s  case t h e  appropr i a t e  equat ion  is: 

When a n  error i s  de tec ted  i n  the formation of a complex 
u n i t ,  an  error message w i l l  be p r i n t e d  o u t ,  and the c o m -  
p u t a t i o n  w i l l  s top.  
There are t e n  subprograms associated w i t h  subrout ine  
CONVRT. Their names and f u n c t i o n s  are: 

w i l l  give 1.8 a s  the conversion factor f r o m  0 C i n t o  OF. 

FTEMP = 100. * FACTOR + 32, 

SEPCOM ...... Called by CONVRT. Separate a complex 
u n i t  i n t o  simple u n i t s  and operators 
and compute a characteristic number for  
the complex u n i t .  

s i m p l e  u n i t s  and get a c h a r a c t e r i s t i c  
number f o r  a simple u n i t  separa ted  
from the complex u n i t .  

GETNO ....... Called by SEPCOM. Search the table of  

ERROR1 

ERROR7 if there a r e  any errors i n  the formation 

WRITE1 ....., Called by GETNO. W r i t e  an error message 

through ....., Called by SEPCOM. W r i t e  error messages 

of  a complex u n i t .  

when a given simple u n i t  i s  not  found 
i n  the t a b l e  of simple u n i t s .  

Cont ro l  Program (CCNVRT) 
Two c o n t r o l  programs a r e  given i n  Appendix 2 to  i l l u s t r a t e  

the t w o  cases described above. I n  the f irst  case, the f a c t o r  
f o r  a conversion f r o m  Btu/sec i n t o  ft-lb/sec i s  computed. The 
second c o n t r o l  program f i n d s  the conversion factor  f o r  a conver- 
s i o n  f r o m  c e n t i p o i s e  i n t o  lb / ( f t -hr ) .  

2 )  Loq-log P l o t  Routine (Subroutine LNPLOT) 

scale i s  o f t e n  desired by a chemical engineer .  A pre l iminary  
A p lo t  of experimental data o r  computed r e s u l t s  on a log-log 
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a n a l y s i s  usua l ly  does n o t  r e q u i r e  a very f i n e  curve,  y e t  i t  
t a k e s  considerable  t i m e  and e f f o r t  i f  l a r g e  amounts o f  da t a  are 
being t r e a t e d .  This log-log p l o t  r o u t i n e  was w r i t t e n  t o  f r e e  
the researcher f r o m  the drudgery of  a manual p l o t .  

CALL LINPLOT ( N ,  X, Y, SYMBOL) 
The c a l l i n g  sequence is 

w h e r e  
N = number of p o i n t s  
X = a r ray  of abscissa values  
Y = a r r a y  of o r d i n a t e  va lues  

SYMBOL = a charac te r  to  be used i n  t h e  p l o t  

The p o i n t s  do no t  have  t o  be i n  any order .  ( I n  other words, 
the X-coordinates o f  t h e  p o i n t s  need no t  be i n  an ascending or 
a descending o rde r  .) 

SYMBOL i s  a cha rac t e r  which i s  def ined  be fo re  the r o u t i n e  
i s  c a l l e d .  The m o s t  f requent ly  used are ‘ I * ”  , and ”+It , although 
any character such as  ” A ” ,  I l l”,  etc.  m a y  be used. The d e f i n i t i o n  
of SYMBOL w i l l  have the form 

SYMBOL = l H *  
SYMBOL = l H +  etc. 

i n  a FORTRAN I1 program. An a l t e r n a t i v e  c a l l i n g  sequence i n  
FORTRAN I1 i s  to  de f ine  the symbol as  an argument of the sub- 
r o u t i n e ,  e.g. CALL LNPLOT ( N ,  X, Y, 1H*).  I n  a FORTRAN I V  
program, SYMBOL w i l l  be def ined w i t h  a DATA statement.  

N o t e s :  
a)  Limitat ion:  NS200 
b) Dimensioned var iab les :  X(200),  Y(200) 

The s a m p l e  problem considered here i s  that  of  p l o t t i n g  a 
C o n t r o l  Program (CLNPLT) 

curve of d i spe r s ion  group vs .  Reynolds number i n  a s t r a i g h t  p i p e ,  
as compiled by Levenspiel  ( I n d u s t r i a l  and Engineering Chemistry 
vol. 50, p. 343, 1958).  

The equat ion used t o  compute the d i spe r s ion  group f o r  a 
Reynolds number less than 20,000 w a s  obtained by the author  by 
applying t h e  leas t - squares  f i t  method to  the curve presented 
by Levenspiel .  

D 2 
In(--) = 0.63082532 (ln(NRe)) - 12.5531745 (ln(NRe)) 

t 
+61.2 59 58824 f o r  NmS20,000 

The d i spe r s ion  group f o r  a Reynolds number g r e a t e r  than 20,000 
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P r e s s u r e  D r o p  ( i n . )  1.0 2.0 3.0 4.0 5.0 
Mass R a t e  (lb/min) 1-32 1.87 2.29 2.64 2.96 

7 

6.0 7.0 
3.23 3-49 

w a s  computed by use of the theoretical equat ion derived by 
Taylor. 

D 1 0.27 - = 3.57 ?I0.0014 + 0.09(-) u d  t NRe  
for  N >20,000 

R e  

B. Mathematical Routines 

1 )  Lagranqian I n t e r p o l a t i o n  Routine (Subroutine LAGINT) 

va lues  for  given va lues  on X-axis by use of the Lagrangian i n t e r -  
p o l a t i o n  method. 

This r o u t i n e  may be used i n  the eva lua t ion  of Y-coordinate 

w h e r e  
N =  

x, Y = 
m =  

xv= 

Y v =  

The c a l l i n g  sequence i s  
CALL LAGINT ( N ,  X,  Y,  NV, XV, YV) 

number o f  p o i n t s  i n  a given t a b l e  
coord ina tes  of the given p o i n t s  
number of  p o i n t s  t o  be approximated by t h e  i n t e r -  
p o l a t i o n  
X-coordinates of p o i n t s  for w h i c h  the Y-coordinates 
are sought 
Y-coordinates obtained f r o m  i n t e r p o l a t i o n s  

The X-coordinates i n  the given table should be i n  ascending 
o rde r .  

N o t e s :  
a )  Limi ta t ions :  N S 500 and NV 5 500 
b) Dimensioned variables: X (  500) , Y (500) , XV( 500) I YV( 500) 
c) If XV(1) i s  less than the s m a l l e s t  o r  greater than the 

largest va lue  of X I  a message w i l l  be p r i n t e d  o u t  and 
no i n t e r p o l a t i o n  w i l l  be attempted for  tha t  p a r t i c u l a r  
xv. 

Control  Program (CLAGIN) 
The c o n t r o l  program i s  w r i t t e n  t o  i l l u s t r a t e  a computation 

of mass rates fo r  given p res su re  drops i n  an or i f ice  manometer. 

Suppose t ha t  t h e  following table i s  obta ined  f r o m  a ca l i -  
b r a t i o n  expe r imen t  of a n  or i f ice  m e t e r .  



It i s  d e s i r e d  t o  compute the mass r a t e s  for runs c a r r i e d  o u t  
w i th  t h e  pressure  drop a s  follows: 0 

Run N o ,  1 i 2 3 4 

The c o n t r o l  program l i s t i n g  i n  Appendix 2 shows how subrou- 
t i n e  LAGINT i s  used. 

Pressure  Drop ( i n . )  1 .5  1 3*5 4.0 

0 

5.5 

2 )  Gauss El iminat ion Routine (Subroutine GAUSS) 
Th i s  rou t ine  w i l l  solve l i n e a r  simultaneous equat ions by a 

Gauss e l imina t ion  method, I t  i s  also employed a s  a sub-program 
of other subrout ines  such as leas t - squares  f i t  and matrix in -  
vers ion  rou t ines .  

The c a l l i n g  sequence is 
CALL GAUSS (M, A, X) 

w h e r e  
M = number of unknowns 
A = c o e f f i c i e n t s  of unknowns 
X = unknowns 

Notes: 

a) Limi ta t ion :  M 5 50 
b) Dimensioned var iab les :  A(50,51), X(50) 
c) I f  the matr ix  of  c o e f f i c i e n t s  is s ingu la r  o r  n o t  solv- 

a b l e  because of zero c o e f f i c i e n t s  generated i n  the  
process  of e l imina t ion ,  a message i s  p r i n t e d  o u t  and 
computation s tops .  

during t h e  process.  
d)  The o r i g i n a l  matrix o f  coefficients i s  not  a l t e r e d  

Control Program (CGAUSS) 

The following equations show component ba lances  of acetone,  

acetone F(0.0295) = P(0.99) + W(0.05) + A(0) 
w a t e r  1 2 0  = P(O.01) + W(0.95) C A(0) 

w a t e r  and a i r  f o r  an  acetone recovery system. 

a i r  F(0.9705) = P(0) + W ( 0 )  + A 
(over -a l l  F f 120 = F t W C A )  

w h e r e  
F = r a t e  of feed t o  absorber ,  lb/hr 
A = a i r  leaving absorber ,  lb/hr 
P = product, lb/hr 
W = waste,  l b /h r  
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Readinqs (GPH) 20 30 40 50 60 70 80 90 100 
True Rate (GPH) 19.8 29.7 39.7 49.6 60.2 70.3 80.2 90.0 102.5 

the c o n t r o l  program computes P ,  W,  and A for a given F. 
The numerical  computation w a s  done w i t h  F = 50,OOOlb/hr. 

120 
120.5 

3 )  Least-Squares F i t  Routine (Subroutine LEASQU) 

nomial which w i l l  best f i t  a set of d a t a  us ing  t h e  least-squares  
c r i t e r i o n -  The polynomial is expressed i n  t h e  form 

The ob jec t  of t h i s  rou t ine  is t o  f i n d  an Nth degree poly- 

+ ‘N + ‘N+1 
+ c XN-* + ....... xN-l 

3 

provided t h a t  a 
‘N+1 - T ~ P  rou t ine  w i l l  compute c C2’ ...... f 

set of X and Y d a t a  is given. 

The c a l l i n g  sequence is 

where 

CALL LEASQU ( N ,  X, Y, MDEGRE, C )  

N = number of po in t s  given 
X, Y = coordinates  of the given p o i n t s  

MDEGRE = h ighes t  degree des i r ed  f o r  a f i t  
(e.g. MDEGRE = 1 f o r  a s t r a i g h t  l i n e )  

C = c o e f f i c i e n t s  of the polynomial 

N o t e s  : 

a )  Limitat ion:  MDEGRE 5 50 
b)  Dimensioned var iab les :  X(200),  C(50) , Y(200) 
c) Subroutine GAUSS is c a l l e d  by t h i s  rou t ine .  Therefore ,  

a source or b inary  deck of GAUSS should be submitted 
toge ther  w i t h  this r o u t i n e .  

I t  is des i r ed  t o  ob ta in  a s t r a i g h t  l i n e  c o r r e l a t i n g  t h e  flow 
m e t e r  read ing  w i t h  t h e  t r u e  rate.  T h e  equat ion f o r  t h i s  l i n e  is 
t o  be found by t h e  method of l e a s t  squares .  

4 )  Matrix Mul t ip l i ca t ion  Routine (Subroutine MATMPY) 

This r o u t i n e  computes the product of two square mat r ices .  



A = 

10 

8.467 5.137 3.141 2.063 
5.137 6.421 2.617 2.003 
3.141 2.617 4.128 1.628 
2.063 2.003 1.628 3.446 

The c a l l i n g  sequence is 

CALL MATMPY (N, A ,  B, C) 

B = 

w h e r e  

0.25087 -0.16214 -0,08116 
-0.16214 0.33074 -0.05994 
-0.08116 -0.05994 0.37988 
-0.01760 -0.06686 -0.09604 

N = number of elements i n  a row or column 
A = matrix A 
B = matrix B 
C = matrix C ,  t h e  product  of  A and B 

N o t e s :  

a )  Limitat ion:  NS50 
b) Dimensioned var iab les :  A(50,51) ,  B(50,51) , C(50,51) 

Control Program (CMTMPY) 

matrices A and B a r e  obtained. 
I n  s o l u t i o n  of  an engineering problem, the following two 

-0.01760 
-0.06686 
- 0.09604 

0.38497 

It i s  d e s i r e d  to  f i n d  o u t  whether matrix B i s  the  inve r se  o f  
m a t r i x  A .  An easy way of solving this  problem i s  to  take t h e  
product of  A and B and to check i f  the r e s u l t i n g  matrix i s  the  
i d e n t i t y  mat r ix ,  
A and B .  

5) Matrix Inversion Routine (Subroutine MATINV) 

i n a t i o n  method. 

This con t ro l  program w i l l  f i n d  the  product of  

This  subrout ine i n v e r t s  a square matr ix  by the  Gauss e l i m -  

The c a l l i n g  sequence i s  

CALL MATINV (M, A ,  B) 

where 

M = number of elements i n  a row or  column 
A = o r i g i n a l  matrix 
B = i nve r se  matrix o f  A 
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A = 

N o t e s  : 

a )  Limitat ion:  M 5 50 
b) Dimensioned var iab les :  A(50,51), B(50,51) 
c) Subroutine GAUSS is a subprogram of t h i s  rou t ine .  

8.467 5.137 3.141 2.063 
5.137 6.421 2.617 2.003 
3.141 2.617 4.128 1.628 
2.063 2.003 1.628 3.446 

Control  Proqram ( c ~ I W )  

One way of so lv ing  a system of l i n e a r  equat ions i s  by use 
of t h e  inverse  matrix of the c o e f f i c i e n t s .  

i.e.: 

-1 
Mult iplying by A , 

-1 Since A A = I ,  

there r e s u l t s  
4 

x = A-% 

This method is  very e f f e c t i v e  when changes with w h i l e  
A is kept  cons tan t ,  because 2 can be found very e a s i l y  f o r  
d i f f e r e n t  sets of once A' l  is  computed. 

I n  the i l l u s t r a t i o n  of t h i s  c o n t r o l  program, the €allowing 
matr ix  A is  inver ted .  

6) Numerical I n t e q r a t i o n  Routine by Simpson's Method (Sub- 
r o u t i n e  SIMPSN) 

T h i s  r o u t i n e  f i n d s  the area under a curve given i n  t h e  form 
of numerical  p o i n t s  by Simpson's i n t e g r a t i o n  method. I n  t h i s  
program Simpson's method has been modified t o  make it poss ib l e  
t o  work w i t h  both even and odd numbers of increments.  

The c a l l i n g  sequence is 
CALL SIWSN (N, Y, H, A) 

w h e r e  

N = number of po in ts  (= number of increments + 1) 
Y = Y-coordinates of t h e  p o i n t s  
H = s i z e  of an increment on the X-axis 
A = area obtained from t h e  i n t e g r a t i o n  



N o t e s :  

a)  Limitat ion:  N 200 
b) Dimensioned variable: Y(200) 
C) The p o i n t s  should be equally spaced on the X.axis . 

Control Program (CSMPSN) 

I n  a dispersion experiment using the trace i n j e c t i o n  tech- 
nique.  Levenspiel  and Smith obta ined  the fol lowing r e s u l t s  ( C h e m  . 
Engr . S c i  . vol  . 6. p . 227. 1957): 

Time (sec) Conc . (arbitrary u n i t )  

0.0 ............. 0.0 
2.0 ............. 11.0 
4.0 ............. 53.0 
6.0 ............. 64.0 
8.0 ............. 58.0 
10.0 ............. 48.0 
12.0 ............. 39.0 
14.0 ............. 29.0 
16.0 ............. 22.0 
18.0 ............. 16.0 
20.0 ............. 11.0 
22.0 ............. 9.0 
24.0 ............. 7.0 
26.0 ............. 5.0 
28.0 ............. 4.0 
30.0 ............. 2.0 
32.0 ............. 2.0 
34.0 ............. 2.0 
36.0 ............. 1.0 
38.0 ............. 1.0 
40.0 ............. 1.0 
42.0 ............. 1.0 

I n  order t o  normalize the concent ra t ion  data.  it is desired 
This c o n t r o l  t o  compute the area under the concent ra t ion  curve . 

program also s h o w s  how the dimensionless var iance  can be ca lcu-  
la ted i n  the d i spe r s ion  experiment . 
7) Modified Runge-Kutta Method Routine (Subrout ine RUNMOD) 

Subrout ine RUNMOD so lves  an o rd ina ry  d i f f e r e n t i a l  equat ion 
The (f irst  o rde r )  by a Runge-Kutta method as modified by G i l l  . 

ord ina ry  d i f f e r e n t i a l  equation has the f o r m  y '  = F(x. y)  w i t h  
an  i n i t i a l  cond i t ion  y(xo)= yo . 
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a 

0 

The ca l l ing  sequence i s  

CALL RUNMOD (N, X ,  Y,  H) 

where 

N = number of p o i n t s  
X = X-coordinates of  p o i n t s  (equal ly  spaced) 
Y = Y-coordinates of p o i n t s  computed 
H = s i z e  of a n  increment on the X-axis 

The func t ion  y '  = F(x ,  y) should be given i n  the following 
form (Example i n  FORTRAN 11): 

FUNCTION FUNCT(X, Y) 
FUNCT = a ( X )  + @ ( Y )  + y(X*Y) + 6* 
RETURN 
END 

*CY, 8 ,  y ,  6 are cons tan ts ,  func t ions  such a s  s i n e ,  cos ine ,  log, 
etc. o r  combinations of t h e m ,  For example, i f  y '  = s inx  
+ 2cos3y then 

FUNCT = S I N F ( X )  + 2. * COSF(3. * Y) 

N o t e s :  

a )  Limitat ion:  Ni500 
b) Dimensioned var iab les :  X( 500) , Y (500) 
c )  Since X's a r e  equal ly  spaced, i t  i s  necessary t o  g ive  

only  the va lue  of X ( 1 ) .  
by the  rou t ine .  

r o u t i n e  is  ca l l ed .  

The o t h e r s  w i l l  be computed 

d) The i n i t i a l  value Y ( 1 )  should be def ined be fo re  the  

C o n t r o l  Program (CRUNMO) 

A mixing tank problem w i l l  be considered a s  an example. 
I n  a large tank equipped wi th  a s t i r r e r ,  s a l t  so lu t ion  i s  i n t r o -  
duced a t  a r a t e  of 5 gal/min. The concentrat ion of s a l t  i s  
2lb/gal. I n i t i a l l y ,  t he  tank contained 100 g a l  of pure water ,  
Assuming t h a t  the system i s  a p e r f e c t l y  mixing system and t h a t  
the s o l u t i o n  l e a v e s  the tank a t  t he  bottom a t  a rate of 1 
gal/min, i t  i s  desired to f i n d  the  concentrat ion of  s a l t  i n  
the tank as a func t ion  of t i m e .  I n  th is  case ,  the m a t h e m a t i c a l  
equat ion t o  be solved i s  
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5c - dc 10 
dt 100 + 4t 100 + 4t 
- =  

w i t h  an i n i t i a l  condition c = 0 when t = 0. 
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APPENDIX 1, LISTING OF SUBROUTINE PROGRAMS 
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Disclaimer 

Although each program has been tested by the author, no warranty, 
express or  implied, i s  made by the author, a s  to the accuracy 
and functioning of the programs and related program materials, 
nor shal l  the fac t  of distribution consti tute any such warranty, 
and no responsibility is assumed by the author or the Computer 
Science Center  i n  connection therewith. 
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ABBREVIATIONS USED FOR U N I T S  I N  SUBROUTINE CONVRT 

ACRE o o 0 0 0 0 0 ~ ~ ~ ~ ~ ~ ~ 0 ~ ~ 0 ~ 0 ~ 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0 0  ACRE 
ANGSTROM ~ o o o m o 0 o o o o o o o o o o o o o o o o o ~ o o o o o o o o o ~ o o ~ ~ o  ANGST 
ATMOSPHERE ~ ~ ~ o o ~ ~ o o o o o ~ o o o o o ~ o o o ~ ~ ~ ~ o ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~  ATM 
BAR o ~ o 0 0 0 0 0 0 ~ 0 0 ~ ~ 0 0 ~ 0 0 ~ 0 0 0 0 0 0 0 0 ~ 0 0 ~ ~ 0 0 0 0 0 0 0 0 0 0 0 0  BAR 
r 3 R I T I S H  TffERMAL U N I T  ~ o ~ ~ ~ o o o o o ~ o o o o ~ o o o o o o o o o o o o  BTU 
EUSHEL o o m 0 0 0 ~ 0 0 0 0 0 0 ~ ~ ~ o 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0  RUSH 
C A L O R I E  (GRAM-) o ~ 0 0 0 ~ 0 ~ 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  CAL 
CENTIMETER o o ~ o o o o o ~ ~ ~ ~ ~ o ~ o ~ o o ~ ~ o o o ~ o ~ ~ o o o o o o o o o o  CM 
C E N T I P O I S E  ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o o ~ ~ o o o ~ ~ o ~ o ~ ~ o o o o o o ~ o ~ o o ~ ~ o  CP 
D A Y  o o o o o o o o m o o o o o o o ~ ~ ~ ~ b ~ o o o o ~ ~ ~ o o o ~ ~ ~ o ~ o o o o o o o ~  DAY 
DECREE CENTIGRADE o o o o o o o o ~ ~ o o o o o o o o o o o o o o o o o o o o ~  DEGC 
DEGREE FAHRENHEIT ~ ~ ~ ~ o ~ o ~ o o ~ ~ o o o ~ ~ o o o ~ o o ~ o ~ o ~ ~ ~ o  DEGF 
DYNE o o o ~ 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 ~ 0 0 0 0 0 0 0 0 ~ 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0  DYNE 
ERG 0 0 ~ 0 0 0 0 0 0 ~ 0 0 0 0 0 0 ~ ~ 0 0 0 0 0 0 0 0 ~ 0 ~ 0 0 0 ~ ~ 0 0 0 0 0 0 0 0 0 0 0  ERG 
FOOT o o o o o o o o ~ o o o o o ~ ~ ~ ~ ~ ~ ~ o o ~ o ~ ~ ~ o o o ~ ~ ~ o o o o o o o o o o  F T  
F E E T  OF WATER (PRESSURE, AT 15 DEGREES C ) o o o o o o o o  FTWAT 
G A L L @ f l  o o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  GAL 
5RAM o o o 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  GR 
G R A I N  o o o 0 ~ 0 0 ~ ~ 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0  GRAIN 
G R A V I T Y  o m e o o o o o o o ~ o o o ~ b ~ o o o o o ~ o ~ ~ o ~ o o o o ~ ~ ~ ~ o o o o ~  GRAVIT 
H O R S E P O W E R o o o ~ o o o o o o ~ ~ ~ ~ ~ ~ ~ o o o ~ ~ ~ o o ~ o o o o ~ o o o o ~ o o ~  HP 
HOUR o o o o o o o o ~ o o o ~ o ~ ~ ~ o ~ o ~ o ~ o o o o o o o o o o o o o o o o o o o o o  HR 
I N C H  o o 0 0 0 0 0 0 ~ 0 0 0 0 0 ~ ~ ~ ~ ~ 0 ~ ~ 0 ~ 0 ~ ~ 0 0 0 0 ~ ~ ~ 0 ~ 0 0 0 0 0 0 0 0  I N C H  
INCHES OF MERCURY (PRESSURE, AT 0 DEGREES C )  0 0 0 0  INHG 
INCHES OF WATER (PRESSURE, AT 15 DEGREES C l  o o o o o  IWATER 

JOULE 
K E L V I N  
KCAL 
KG 
KM 
KW 
LB 
L I T E R  

METER o o o 0 0 0 0 0 0 0 0 0 0 0 a 0 0 ~ ~ 0 o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  M 
YEGARAS o m 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  MEGBAR 
MICRON ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ O ~ O O ~ O O O O O ~ O O O ~ ~ O O O O O O O O ~ O ~ ~ ~ O  MICRON 
M I L E  o o 0 0 0 0 o 0 0 0 0 0 0 o ~ 0 ~ ~ 0 0 ~ ~ ~ 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 ~  M I L E  

M I N  
MM 
MMHG 
MMICR 
MWATER 
OUNCE 
02 
P O I S E  
QUARTD 
QUARTL 
RANK I N  
ROD 

SECON9 o o o 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ~ 0 0 0 0 0 0  SEC 
TON ( Y E T Q I C I  ~ ~ ~ ~ ~ ~ O O O O ~ ~ O O O ~ O O O O ~ ~ O O O O ~ O ~ O ~ ~ ~ ~ ~ O  TONM 
TON-REFRIGERATION o 0 0 0 0 0 ~ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  TONREF 
TON (SHORT) 0 0 0 0 0 0 0 ~ 0 0 0 ~ 0 0 ~ ~ ~ 0 0 0 0 0 0 0 ~ ~ 0 0 0 0 ~ 0 ~ ~ 0 0 ~  TONS 
MATT ~ O ~ ~ ~ O ~ ~ ~ ~ ~ ~ ~ ~ O ~ O O ~ ~ O O O O O O O O ~ O O O O O O O O O ~ O ~ ~ ~ O  WATT 
YARD o o o o o o o o o ~ o o o o o o o o a o o ~ o o o o o o o o o o o o o o o o ~ o o o o o  YD 
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PROGRAMS 



* 

0 CONVRT 

TEST 

R E L O C l  

RELOC2 

F I N I S H  0 

D I RECT 

COMMON 

ARC2 

ARC3 

ANSWER 
x 1  
x 2  

V A L U E l  
VALUE2 
S l  
52 
ALLONE 

~ 

FAP 
LBL 
ENTRY 
SXA 
SXA 
SXA 
CLA* 
T Z E  
PDC 
CLA 
STA 
CLA 
STA 
C A L  
SL w 
SLW 
AXT 
AXT 
CAL 
L A S  
TRA 
TRA 
CAL 
SL  w 
CAL 
SLW 
T X I  
T X I  
P Z E  
CLA 
STA 
TRA 
PZE 
CLA 
STA 
TRA 
CLA 
STA 
CLA 
STA 
CLA 
STA 
TSX 
PZE 
PZE 
TSX 
P Z E  
P Z E  
CLA 
FOP 
STQ 
AXT 
AXT 
AXT 
TRA 
BSS 
BSS 
BSS 
RSS 
OCT 

CONVRT 9 2 
CONVRT 
x191 
x292  
x494 
1 9 4  
01 RECT 
9 1  

2 9 4  
RELOC 1 
3 9 4  
RELOC2 
ALLONE 
Slrl 
5291 
091 
092  
5191 
ALLONE 
*+2 
F I N  I SH+1 
**92 
5191 
** r2 
5291 
*+19 1 9-1 
TEST9 2 9 1 
SI 
*=1 
ARC2 
*+2 
5 2  
*-1 
ARC3 
COMMON 
294 
ARC2 
394 
ARC3 
494 
ANSWER 
SEPCOM94 ** 
VALUE1 
SEPCOM94 ** 
VALUE2 
VALUE2 
V A L U E l  

**91 
**92 
**94 
594 
1 
1 
100 
100 
777717711777 

** 
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2 0  

EXTERN SEPCOM 
END 

a 
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* FAP 

LBL 
ENTRY 

SEPCOM SXA 
SXA 
SXA 
AXT 
STZ 
T I X  
CLA 
STA 
CLA 
STA 
AXT 
AXT 
ZAC 

B I C L P  LDQ 
SMLP L G L  

L A S  
TRA 
TRA 
L A S  
TRA 
TRA 
TRA 
SLW 
T X I  

CHECKM L A S  
TRA 
TRA 
TRA 
T X I  
SLW 
C A L  
T L E  
TRA 
C A L  
L A S  
C A L L  
TRA 
C A L L  
T X I  
C A L  
SLW 
TRA 

M T X I  
CHECKD CAS 

TRA 
TRA 
TRA 
T X I  
SLW 
T X I  

CHECKR L A S  
TRA 
TRA 
TRA 
T X I  
SLW 
TRA 

S E P C W  9 2 
SEPCOM 
S A V E 1 9 1  
SAVE2 9 2 
S A V E 4 9 4  
10091 
s+10091 
* - l e 1 9 1  
194 
B I G L P  
2 ~ 4  
ANSWER 
-3091 
092  

** 
6 
B L A N K 1  
*+2 
BRNCHZ 
L E F T P  
CHECKM 
*+2 
CHECKM 
592 
BRNCH2929-1 
MULTPL 
CHECKD 
*+2 
CHECKD 
*+19 2 9-1 
512 
5-192 
*+2 
M 
5-2 9 2 
MULTPL 
ERROR 1 
*+2 
ERROR 1 
*+192,1 
EXPNT 
5-192 
BRlrSCH2 
BRNCH1929-1 
D I V I O E  
CHECKR 
*+2 
CHECKR 
*+ l929-1  
5 9 2  
B R N C H l * Z * - I  
R IGHTP 
CHARCT 
*+2 
CHARCT 
* + l e 2 9 0 1  
592 
BRNCH3 
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CHARCT ALS 
OR S 
1 x 1  

BRNCH1 C A L  
L A S  
TRA 
TRA 
ANA 
TZE 
PXA 
PAC 
CAL 
ARS 
ORS 
TRA 

BRNCH3 CAL 
L A S  
TRA 
TRA 
ANA 
TZE 
PXA 
PAC 
C A L  
ARS 
ORS 
TRA 

NUMBR2 CAL 
ARS 
SLW 
TRA 

NUMBER C A L  
ARS 
SLW 

RESET1 A X 1  
BRNCH2 X C L  

TZE 
XCL 
CLM 
TRA 
C A L  
ADD 
STA 
STA 

TEST2 CAL 
CAS 
TRA 
TRA 
TRA 
P XA 
STO 
C A L  
L A S  
TR A 
TRA 
ANA 
TZE 
P X A  

0 

091  
5 9 2  
B R N C H 2 9 l r 6  
5 - 2 9 2  
RIGHTP 
*+2 
BRNCHZ 
MASKl  
NUMBER 
9 1  
9 1  

BLANK 
3091 
s-2 9 2 
RESET1 
S-19 2 
RICHTP 
*+2 
BRNCH2 
MASKl  
NUMBR2 
9 1  

9 1  
BLANK 
3 0 a 1  
5-192 
R E S E T l  
5-1a2 
30 
s-I 92 
RESET 1 
5 - 2 9 2  
30 
5 - 2 9 2  
-30 9 1 

*+4 

SMLP 
B I G L P  
=01 
B I G L P  
te5t2 

=07777?7?73?77 
B I G L P - 1  
*+2 
B I G L P - 1  
92 
I R 2  
592 
RIGHTP 
*+2 
RESET2 
M A S K l  
NUMBR3 
9 1  

** 
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PAC 
CAL 
ARS 
ORS 
TRA 

NUMBR3 CAL 
ARS 
SLW 

RESET2 AXT 
CETNOS CAL 

ANA 
TZE 
CAL 
SLW 
TSX 
P Z E  
PZE 
CLA 
STO 
T X I  

REPEAT TXL 
T X I  

CALC AXT 
B I G L P 2  CAL 

L A S  
TRA 
TRA 
P XA 
SUB 
TZE 
T X I  

SMLP2 AXT 
CAL 
L A S  
TRA 
TRA 
P X A  
SUB 
T Z E  
T X I  

F I R S T  CLA 
STO 

LOOP1 CLA 
SUB 
STO 
TZE 
LDQ 
FMP 
STO 
TRA 
CAL 
S L  w 
SLW 
AXT 
TRA 

SECOND T X I  
CAL 
LAS 

9 1  

BLANK 
3 0 9 1  
592 
RESET2 
592 
30 
5 9 2  
0 9 1  
592 
ma5k1 
REPEAT-1 
592  
A 
GETNO94 
A 
B 
6 
592 
*+19 1 9 1 
CALCs 2 9 0 
GETNOS 9 2 9 1 
091 
591 
EXPNT 
*+2 
F I R S T  
9 1  

1r2 
5m1p2 
B I C L P 2 9 1 * - 1  
091  
591 
R I C H T P  
*+2 
SECOND 
9 1  

1r2 
THIRO 
SMCP2+1,1*-1 
5=191 
TEMP1 
s4-19 1 
= O l  
S + l r l  
*+S 
5-191 
TEMP1 
s-19 1 
LOOP 1 
BLANK 
591 
S + l + l  
051 
B I C L P 2  
* + 1 9 1 9 l  

s9 1 
LEFTP 
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. 
s 

TRA 
TRA 
T I X  
C A L L  

LOOP2 SXA 
SXA 
CLA 
STO 
TXX 
CAL 
L A S  
TR A 
TRA 
LAS 
TRA 
TRA 
L A S  
TRA 
TRA 
CAL 
SLW 

xx1 AXT 
SLW 
TRA 

PROD CAL 
SL w 
TXT 
C A L  
L A S  
TRA 
TRA 
LDQ 
FMP 
STO 
C A L  
SLW 

X I  AXT 
CLA 
STO 
TRA 

D f V r S N  CAL 
SLW 
T X I  
CAL  
L A S  
TRA 
TRA 
CLA 
FDP 
STQ 
CAL 
SLW 
TRA 

T H I R D  AXT 
C A L  
L A S  
TRA 
TRA 

*+2 
100p2 
SECOND91,O 
ERROR2 
x191 
XX l r l  
S+lrl 
TEMP2 
*+19 19-1 
s+19 1 
BLANK 
*+2 
+-4 
MULTPL 
*+2 
PROD 
DTVIDE 
*+2 
D I V I S N  
BLANK 
S+lrl 
**r 1 
591 
5m1p2 
BLANK 
5+191 
*+191,-1 
S+l,l 
BLANK 
*+2 
PROD42 
5+191 
TEMP2 
TEMP3 
BLANK 
S+lrl 
**91 
TEMP3 
S+lrl 
100p2 
BLANK 
S+l,l 
*+1 1 9-1 
5+191 
BLANK 
*+2 
01 VISN+Z 
TEMP2 
5+191 
TEMP3 
BLANK 
S+l,l 
x1 
091 
5*1 
BLANK 
F I N A L  
*+2 



TRA 
PXA 
SUB 
TZE 
T X I  
CALL 

F I N A L  C L A  
STO 
PXA 
SUB 
TZE 

LOOP3 T X I  
CAL 
L A S  
TRA 
TRA 
L A S  
TRA 
C A L L  
TRA 
PXA 
SUB 
TZE 
TRA 

COMPUT L A S  
TRA 
TRA 
TRA 
SXA 

LOOP4 T X I  
CAL 
L A S  
TRA 
TRA 
TRA 
PXA 
SUR 
TZE 
TRA 
C A L L  

MPY L A S  
TRA 
C A L L  
LDQ 
FMP 
STO 
C A L  
SLW 

X A 1  A X 1  
SL w 
TRA 

DCHECK L A S  
CALL 
TRA 
C A L L  
SXA 

LOOP5 T X I  
CAL 

25 I 

F I N A L  
9 1  
ir2 
*+2 
TH I R D + l r  1 9 - 1  
ERROR4 
5*1 
RESULT 
9 1  

f R 2  
END 
* + l e  1 *-1 
s* 1 
BLANK 
*+2 
*+5 
LEFTP 
COMPUT 
ERROR3 
COMPUT 
9 1  

f R 2  
END 
100p3 
MULTPL 
MHECK 
*+2 
DCHECK 
X A l r  1 
* + l r l r - l  
5r1 
BLANK 
MPY 
*+2 
MPY 
*1 
f R 2  
*+2 
100p4 
ERROR5 
LEFTP 
*+2 
ERROR3 
RESULT 
5*1 
RESULT 
BLANK 
591 
*** 1 
591 
100p3 
D I V I D E  
ERROR6 
*+2 
ERROR6 
X X A l r l  
*+1r 1 9-1 
S 9 l  
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L A S  
TRA 
I R A  
TRA 
P XA 
SUB 
TZE 
TRA 
C A L L  

D I V  L A S  
TRA 
C A L L  
C L A  
FDP 
STQ 
CAL 
SLW 

X X A l  AXT 
SLW 
TRA 

END CLA 
ANSWER STO 
SAVE1 AXT 
SAVE2 AXT 
SAVE4 AXT 

TRA 
BLANK1 OCT 
BLANK OCT 
L E F T P  OCT 
MULTPL OCT 
EXPNT OCT 
D I V I D E  OCT 
RTCHTP OCT 
MASK1 OCT 
A BSS 
B RSS 
S RSS 
1 R 2  BSS 
TEMP1 BSS 
TEMP2 BSS 
TEMP3 BSS 
RESULT BSS 

EXTERN 
EXTERN 
END 

BLANK 
D I V  
*+2 
DTV 
9 1  

1r2 
*+2 
100p5 
ERROR7 
LEF TP 
*+2 
ERROR3 
RESULT 
Ssl 
RESULT 
BLANK 
Ssl 
**s 1 
5,1 
100p3 
RESULT 

**, 1 
**52 
**,4 
3,4 
60 
606060606060 
74 
54 
5454 
61 
34 
7 0 0 0 0 0 0 0 0 0 0 0  
1 
1 
100 
1 
1 
1 
1 
1 
CETNO 
ERROR1~ERROR2~ERROR3~ERROR4~ERROR5~ERROR6~ERROR? 

** 



27 
- *  F A P  

LBL 
ENTRY 

SXA 
~ E T N O  S X A  

SXA 
CLA 
STA 
2 AC 
LDQ* 
L G L  
L A S  
TRA 
I R A  
SUB 
TRA 

MIDDLE: L A S  
TRA 
TRA 
SUB 
TRA 

LAST SUB 
S E T I N D  PAC 

CLA 
SUB 
P A X  
CLA 
PAC 

TRA 
TRA 
T I X  
C A L L  
T X I  

FOUND CLA 
NUMBER STO 
x 2  AXT 
x 4  AXT 
X I  AXT 

TRA 
STARTA SYN 
TARLE: B C I  

B C I  
BCI 

AN EQU 
STARTB SYN 

8CT 
B C I  
BC I 

8 N  EQU 
STARTC SYN 

BCT 
B C I  
B C I  

CN EQU 
START0 SYN 

BCI 
ec 1 
BC I 

GETNO92 
GETNO 
X 2 9 2  
x494 
x191  
2 9 4  
NUMBER 

1 9 4  
6 
=031 
M I D D L E  
*+1 
=021 
S E T I N D  
-051 
CAST 
*+1 
=030 
S E T I N D  
=040 
9 1  

COUNT91 
COUNT-191 
92 
COUNT91 
9 1  
1 9 4  
TABLE-1 9 1 
*+2 
FOUND 
*+29291 
W R I T E 1  
COMP 9 1 9  1 
FACTOR-191 

**92 
**94 
**91 
3 9 4  

1 $ACRE 
1 *ANGST 
1 r A T M  
*-STAR T A 

1 *BAR 
19RTU 
1 *BUSH 
*-STARTA 

19ca1 
19CM 
1 9 C P  
*-STARTA 

1 *DAY 
1 9 D f C C  
1,DECF 

** 

* 

* 

* 

* 



RCI 
DN FQU 
STI lPTF  SYN 

S C I  
EN EQU 
STPRTF SYN 

RCI 
S C I  

F N FQU 
STARTG SYN 

R C I  
B C I  
SCT 
RCT 

CN FQU 
STARTH SYN 

R C I  
R C I  

HN FQU 
START1 SYN 

E3CI 
R C I  
B C I  

I N  FQU 
START.J SYhl 

9 C I  
JN  FQU 
STARTK SYN 

R C I  
RCT 
BCT 
R C I  
5 C I  

KN FQU 
STARTL SYN 

R C I  
R C I  

L N  FQU 
STARTM SYN 

9 C I  
RCT 
R C I  
B C I  
RCI 
B C I  
R C I  
B C I  
RCT 

MN EQU 
STAPTh! SYN 
NN FOU 

0 STARTO R C I  SYN 
RCI 

ON FQU 
STARTP SYN 

9c I 
PN EQU 

1,I)YNF 
*-STARTA 

1,ERC 
*-STARTA 

1 s F T  
1 t F T W A T  
*-STARTA 

1 * G A L  
1,GR 
ItCRATN 
1 t C R A V I T  
*-STAR T A 

l t H P  
1 9 H R  
*-STARTA 

1 t I N C H  
1 9  1°C 
1 * IWATFR 
*-STARTA 

1 *JOULE 
*-STARTA 

1 r K C A L  
1,KFLVIN 
lrKC 
1,KM 
1,KW 
*-STARTA 

1 * L R  
I r L T T E R  
*-START A 

1 * M  
1,YEGRAR 
1 9  MICRON 
1,MILF 
1 t M T N  
1,MM 
1 *MMHC 
19MMTCR 
1,MWATER 
*-STAR T A 

*-STARTA 

1 *OUNCE 
1902 
*-STARTA 

1,POISE 
*-STARTA 

* 

* 

* 

* 

* 

* 

* 

* 

* 

* 
* 

* 



.START* 6C SYN I 
RCI 

C)N 
STARTS 

RN 
STARTS 

SN 
STARTT 

TN 
STARTU 
UN 
STARTV 
VN 
STARTW 

WN 
STARTX 
XN 

EQU 
SYN 
RC I 
6C I 
EQU 
SYN 
BC I 
EQU 
SYN 
RCI 
6 C I  
BCI 
EQU 
SYN 
EQU 
SYY 
EQU 
SYN 
5CI 
EQU 
SYN 
EQU 
SYN 
6C I 
EQU 

STARTZ SYN 
ZN FQU 

P Z €  
COUNT PZE 

PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 
PZE 

FACTOR DEC 

* 
1 *QUARTO 
19QUARTL 
*-STARTA 

1,RANKIN 
1 *ROD 
*-START A 

1 *SEC 
*-STARTA 

1 9  TONM 
1 *TONREF 
1 *TONS 
*-STARTA 

*-START A 

*-START A 

19WATT 
*-STARTA 

*-STARTA 

1 *YO 
*-STARTA 

*-STARTA 
0 
AN 
BN 
CN 
ON 
EN 
F N  
CN 
HN 
I N  
JN 
KN 
LN 
MN 
NN 
ON 
PN 
QN 
RN 
SN 
TN 
UN 
VN 
WN 
XN 
YN 
ZN 
2 471 €008  

* 

* 

* 

* 
* 
* 

* 
* 

* 

ACRE 
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DEC 
DFC 
0 EC 
DFC 
DEC 
DEC 
DEC 
DFC 
QEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DFC 
DFC 
DEC 
0 F C  
DEC 
DEC 
DEC 
DEC 
DEC 
DFC 
DFC 

l7FC 
DFC 
D F C  
D FC 
D€C 
DEC 
DEC 
DEC 
DFC 
DFC 
DEC 
DFC 
nFC 
DFC 
n F C  
DFC 
DEC 
DEC 
DFC 
D EC 
DFC 
DEC 
D EC 

DEC 

DFC 0 O F C  
DFC 
F ND 

ANGST 
ATM 
BAR 
B T U  
RUSH 
CAL 
CM 
C P  
DAY 
DECC 
DEGF 
DYNE 
ERG 
FT 
FTWAT 
GAL 
GR 
G R A I N  
G R A V I  T 
HP 
HR 
I N C H  
I NHG 
IWATER 
JOlJLF: 
KCAL 
K E L V I N  
KG 
KM 
KW 
L B  
L I T E R  
M 
MEGBAR 
M I C R O N  
M I  LE 
M I N  
MM 
MMHG 
MMICR 
MWATER 
OUNCE 
02 
P O I S E  
QUARTD 
OUARTL 
RANK I N 
ROD 
SEC 
TONM 
TONREF 
TONS 
WATT 
YD 
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SUBROUTINE ERROR1 
WRITE OUTPUT TAPE 69 10000 

1000 F O R M A T ~ ~ H 0 / 1 H 0 5 X ~ 1 0 4 H . . . E R ~ O R l o ~ ~  TWO OPERATORS SUCH AS * AND / AR 
1E WRITTEN CONSECUTIVELY IN THE FORMATION OF A COMPLEX UNIT.  1 

CALL E X I T  
END 

a 



~ 
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SUBROUTINE ERROR2 
WRITE OUTPUT TAPE 69 1000 

1000 F O R M A T ~ l H ~ / l H ~ 5 X ~ 7 5 H ~ ~ r E R R O R 2 o o o  TOO MANY RIGHT PARENTHESES IN THE 
1 FORMATION OF A COMPLEX UNIT. ) 

CALL E X I T  
END 
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SUBROUT I NE ERROR3 
WRITE OUTPUT TAPE 6 r  1000 

1000 F O R M A T ( ~ H ~ / ~ H ~ ~ X ~ ~ ~ H ~ . O € R R O R ~ O O .  TOO MANY LEFT PARENTHESES IN THE 
1FORMATION OF A COMPLEX UNIT. 1 

CALL E X I T  
END 

0 
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SURROUTINE ERROR4 
WRITE OUTPUT TAPE 6r  1000 

1000 F O R M A T ~ ~ H O / ~ H ~ ~ X ~ ~ ~ H  THE U N I T  IS NOT INTRODUCED PROPER 
1 L Y  OR A PROGRAM ERROR. t 

CALL E X I T  
END 



SURROUTTNF ERRORS 
WRITE OUTPUT TAPE 6 ,  1000 

1000 F O R M A ~ ~ ~ H ~ / ~ H ~ ~ X ~ ~ ~ H . . . ~ R R O R S ~ O O  NO SIMPLE UNIT IS 
1 M U L T I P L I C A T I O N  OPERATOR(+). ) 

CALL FXTT 
END 

a 
3 5  

PRESENT AFTER A 
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SURROUTINE FRROR6 
WRITE OUTPUT TAPE 6 9  1000 

1000 FORMAT~1HO/lHO5X~64HoooERROR6ooo NO PROPER OPERATOR E X I S T S  BETWEEN 
1 TWO SIMPLE UNITS. f 

CALL E X I T  
F N D  

a 
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SUBROUTINE ERROR7 
WRITE OUTPUT TAPE 6 9  1000 

1000 F O R M A T ~ ~ H O / ~ H ~ S X ~ ~ ~ H ~ O ~ E R R O R ~ ~ O ~  THE U N I T  IS NOT INTRODUCED PROPER 
1LY OR A PROGRAM ERR@R.  ) 

CALL E X I T  
END 
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SUSROUTINE WRITE1 
WRITE OUTPUT TAPE 6 9  1 s  

1 F O R M A T ~ ~ H O / ~ H O ~ X ~ ~ ~ H O O O € R R O R O O O  CHECK THE L I S T  OF ABBREVIATION OF 
1UNITS WHETHER YOU ARE USING THE RIGHT ONES. ) 

CALL E X I T  
END 

a 
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C 
C 
c 

c 

C 

C 

C 

C 

C 

c 

C 

R 

SURROUTINE - LNPLOT 
A L O G  - LOG PLOT ROUTINE 

S U S R O U T I N E  L N P L O T ( N + X , Y * S Y M B O L )  

DO 5 I = l * N  
XL(I)=LOGF(X~I))*Oo434294 
YL(I)=LOGF~YfI))*Oo434294 

5 C O N T I N U E  

X M T N = X L ( I )  

Y M T N = Y L ( l )  
YMAX=YL ( 1  1 

x M a x = x L  ( 1 ) 

1 5  
20 
25 
39 
3 5  
40 
45 
5 0  

DO 5 0  T=29N 
I F ( X M I N - X L ( 1 )  1 20 r20915  
X M I N = X L ( I )  
I F ( X M A X - X L ( 1 ) )  25930930 
XMAX=XL t I ) 
I F ( Y M I N - Y L ( 1 ) )  40940935 
Y M T N = Y L ( I )  
I F ( Y V A X - Y L (  1)  1 4 5 * 5 0 9 5 0  
Y Y 4 X = Y L  ( 1 )  
CONT I NUE 

IF ( INTF ( X M I N  ) - X M I  M 154 956 9 5 5  

GO TO 5 6  
54 X M I N = I N T F ( X M I N )  

5 5  X M T N = T N T F ( X M I N 1 - 1 o O  
56 I F ( f N T F ( X M A X 1 - X M A X )  59961t60 
59 X M A X = I N T F ( X M A X ) + l . O  

GO TO 6 1  
60 X M A X = I N T F f X M A X )  
61 I F ( I Y T F ( Y M I N ) - Y Y I N )  6 4 . 6 6 ~ 6 5  
64 Y M I N = I N T F ( Y M I M )  

GO T O  66 
65 Y H I N = ~ N T f ~ Y M I N ~ ~ 1 o O  
66 I F ( I N T F ( Y M A X 1 - Y M A X 1  69rf5,70 
69 Y M A X = I N T F ( Y Y A X ) + l . O  

GO T O  7 5  
tr! Y M A X = T N T F ( Y M A X )  

75 XCYCLE=(XMAX-XMIN l+O.5  
XSPACF=l2 '3 . / INTF(XCYCLE)  
N X S P C E = X I N T F (  XSPACE+O.51 

DO 8 0  I = l 9 1 2 1  
DO 80 J=l ,NYH 
P O I N f ( I ~ J ) ~ 6 0 6 0 6 0 6 0 6 ~ 6 0  
YNUMR(J)=O.O 

RO C O N T I N U E  
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9 5  
C 

86  

90 
9 5  

C 

105 

0 '  

106 

110 
115 

C 

120 
C 

125 

130 
135 

C 

DO 8 5  I = 1 9 8  

YSCALE=LOCF(AI)*Oo434294*YSPACE+Oo5 
NSY(I)=XINTF(YSCALE) 
X S C A L E = L O G F ( P I ) * O O ~ ~ ~ ~ ~ ~ * X S P A C E + O O ~  
NSX(1 )=XINTF(XSCALE) 
CON1 I NUE 

AT=FLQATF(I)+~.O 

DO 95 I=1,121 
DO 9 5  J=l*NYH*NYSPCE 
NPOWER= (J-1) /NYSPCE 
P3IP4-r I 9JI-IH- 
YNUMB(J)=~~O**(VMIN)*(~OO**NPOWER) 
IF(J-NYH) 8 6 9 9 5 9 9 5  
DO 90 K=1,8 
AK=K 
JK=J+NSY(K) 

CONT I NUF 
YNUMR(JK)=(AK+l.O)*YNUMB(J) 

DO 105 J=l,NYH 
DO 105 I=l~ltl,NXSPCE 
POTNT(T~J)=1HI 
CONTI NtJF 

DO 115 I=1~12l*NXSPCE 
DO 115 J=l+NYH,NYSPCE 
POINT(I,J)=lH+ 
IF(I-121) 1069115t115 
DO 110 K=1+8 
JK=J+NSY(K) 
POINl(I~JK)=lH+ 
I K=I+NSX (K) 
POfNT(TK*J)=lH+ 
CONTT NUE 

DO 120 K = l r N  
AI=(XL(K)-XMIN)*XSPACE+O.5 
I=XfNTF(AI 14-1 
A J = ( Y L ( K ) - Y M I N ) + Y S P A C E + o ~ 5  
J=XTNTF(AJ)+l 
POINT(I,J)=SYMROL 
CONTINUE 

DO 135 JREVs1,NYH 
J=NYH+l-JREV 
IF(YNUMB(J1) 130r1259130 
WRITE OUTPUT TAPE 69 5 0 0 s  ( P O I N T ( I ~ J ) ~ I = 1 ~ 1 2 1 )  
GO TO 135 
WRITE OUTPUT TAPE 69 501s Y N U M B ( J ) ~ ( P O I N T ( I r J ) ~ I ~ 1 ~ 1 2 1 )  
CONT I NUE 

XNUMB(l~=lOo**(XMIN) 
NCYCLE=XINTF(XCYCLE) 
IH=NCYCLE+l 
DO 136 I=29fH 
XNUMB ( 1 )=XNUMR( 1-1 1 *I00 
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136 CONTINUE 

IF(NCYCLE-2) 14591509140 
140 IF(NCYCLE-4) 15591609165 
145 WRITE OUTPUT TAPE 69 5029 (XNUMB(I)91+19IH) 

150 WRXTE OUTPUT TAPE 69 5039 (XNUMB(I)9I=lsIH) 

155 WRXTE OUTPUT TAPE 69 5049 (XNUMB(I)9InlrIH) 

160 WRITE OUTPUT TAPE 69 5059 (XNUMB(1)91=191H) 

165 WRITE OUTPUT TAPE 69 5069 XNUMB(l)rXNUMB(IH) 

500 FORMAT(8X9121A1) 
501 FORMAT(lPE8a1~(12lAL)) 
502 FORMAT(6X~E8.l~llOX~E8ol) 
503 F O R M A T ( 6 X ~ E 8 o 1 ~ 5 0 X ~ E 8 e l ~ 5 2 X ~ E 8 . 1 )  
504 F O R M A T ( ~ X ~ E B O ~ ~ ~ X ~ Z H  295X92H 393X,2ti 492X92H 593H 693H 791X9E801 

GO TO 200 

GO TO 200 

GO TO 200 

GO TO 200 

C 

1*2(7X*2H 295X92H 393X92H 492X92H 593H 693H ?,lX,E801)) 
505 F O R M A T ( ~ X , E ~ O ~ ~ ~ O X ~ E ~ . ~ ~ ~ ~ ~ ~ X ~ E ~ O ~ ) )  
506 FORMAT(6X~E8.l~llOX~E8ol) 

200 RETURN 
E N D  

C 



C 
C 

a : 
C 

C 

C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

0 

C 

C 

0 

C 

A LAGRANG 
REFERENCE 
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SUBROUTINE - LACINT 
IAN INTERPOLATION METHOD USING ARBITRARY SET OF ORDINATES - HILDEBRAND, INTRODUCTION T O  NUMERICAL ANALYSIS9 1956 

PbO 

SUBROUT I NE LAGINT ( N ,X ,Y ,NV , X V e  YV ) 

DO 1 7  K=l,NV 

CHECK IF XV(K) IS INSIDE THE RANGE OF X VALUES 

CHECK IF XV(K) IS IDENTICAL TO ANY ONE OF THE VALUES OF X 

4 DO 5 I=l*N 

5 CONTINUE 
IF(XV(K)-X(I)) 691595 

MAIN COMPUTATION 

6 P A I - 1 .  
DO 7 I=l,N 

BOTl=(XV(K1=X(l)) 
DO 8 1=2rN 

TERMl=Y(l)/BOTl 
NL=N-l 

DO 11 J=2,NL 
BOTIN=(XV(K)-X(J)) 
JL=J-1 
JH=J+1 
DO 9 I=l,JL 

DO 1 0  I=JH,N 

TERMIN=TERMIN+Y(J)/BOTIN 

BOTN=(XV(K)-X(N)) 
DO 1 2  I=l,NL 

TERMN=Y(N)/BOTN 

7 PAI=PAI+(XV(K)-X(I)) 

8 BOT1=BOTl+(X(1)-X(I)) 

TERM1 N=g. 

9 BOTIN=ROTIN+(X(J)-X(I)) 

10 BOTIN=BOTIN+(X(J)-X(I)) 

11 CONTINUE 

1 3  BOTN=ROTN*(X(N)-X(I)) 

SIGMA=TERMl+TERMIN+TERMN 
YV(KI=PAI*SIGMA 
GO TO 1 7  

1 3  WRITE OUTPUT TAPE 6,5001K,XV(Kl 
GO TO 1 7  

1 4  WRITE OUTPUT TAPE 6 ,  501, K,XV(K) 
GO T O  1 7  

15 YV(K)=Y(I) 
17 CONTINUE 

500 FORMAT(/llXBH WHEN K=13,8H, XV(K)=E14o7,37H IS LESS THAN THE SMALL 



a 
l G E S T  VALUE OF X I )  

C 
20 RETURN 

END 

43 

l E S T  VALUE OF X I )  
5 0 1  F O R M A T ( / l l X B H  WHEN K = I 3 9 8 H ,  XV(Kl=E14a7,38H IS LARGER THAN THE t3IG 



a 

0 

0 

C 
C 

C 

C 

C 

1 
C 

5 

10 

15 
16 

20 
21 
25 

35 

36 

30 

40 

45 
80 

100 
C 

105 
110 

120 

1003 
C 

44 
SUBROUTINE - GAUSS 

N=M+1 

DO 1 I=l,M 
DO 1 J=l,N 
A I  1 1  ,J)=A[ I rJ) 
CONT I NUE 

DO 100 K=l,M 
DO 100 I=l,M 
IF(1-K) 10095r40 
DO 30 J=l,N 
IF(J-I) 10915915 

GO TO 30 
IF(AI(Ir1)) 16920916 
B(IrJ)=AI(I~J)/Af(I,I) 
GO TO 30 
L=I+1 
IF(AI(L9L)) 25935925 
B(I,J)=AI(L,J)/AI(L9L) 
AI(L.J)=AI(f,J) 
GO TO 30 
L=L+1 
IF(L-M)21,21936 
WRITE OUTPUT TAPE 6 ,  1003,K 
GO TO 160 
CON1 I NUE 
GO TO 100 
DO 80 J=lrN 
IF(J-(K+1))80*45945 
AI(I,J)=AI(IrJ)-B(K~J)*AI(I~K~ 
CONT I NU€ 
CONTINUE 

B(I,J)=O.O 

X (M)=B(M,N) 
ML=M- 1 
DO 120 I=ltML 
K=M-I 

KH=K+l 
DO 110 J=KHIM 
SUM=SUM+B(K9J)*X(J) 
X ( K) =R ( K ,N )-SUM 
CONTI NU€ 

SUM=O .O 

FORMAT(lHOlOX946H NO SOLUTIONS BECAUSE OF ZERO COEFFICIENTS ON 1 4 s  
114HTH ELIMINATION) 

150 RETURN 
160 CALL E X I T  

END 
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C SUBROUTINE - LEASQU 
C POLYNOMIAL FIT BY THE LEAST-SQUARES METHOD a c  SUBROUTINE tEASQUIN,X,Y,MDEGREtC) 
C 

C 
DIMENSION A ~ 5 0 ~ 5 1 ~ ~ X ~ 2 0 0 1 r Y ~ 2 0 O ~ ~ C ~ 5 0 ~ ~ S ~ Z O O ~ ~ V ~ 2 0 0 ~  

M=MDEGRE+l 
Ml=M+l 
MH=2+MDEGRE+l 

DO 5 I=l,MH 
S (  I)=O,O 
DO 5 K = l , N  
S(i)=SlSj+X(K)*wtMH-I) 

C 

5 CONTINUE 
C 

DO 10 I=lrM 
V (  I)=O,O 
DO 10 K=lrN 
V ( 1 1 = V (  f )+Y { K ) * ( X  4 K)*+( M-I 1 ) 

10 CONTINUE 
C 

DO 20 I = l , M  
A(IrMl)=V(I) 
DO 20 J=lrM 
I JL= f+J-1 
A[I.J)=S(IJL) 

20 CONTINUE 
C 

C 

0 
CALL GAUSS(M,A,C) 

RETURN 
END 
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C SUBROUTINE - MATMPY 
C COMPUTING THE PRODUCT OF TWO SQUARE MATRICES 

O C  SUBROUTINE MATMPY(N~A,BIC) 
C 

C 
DIMENSION P ( 50951 j 96 ( 50 e 5 1  1 ,C( 5095 1 ) 

DO 3 0  I = l , N  
DO 30 J = l , N  

DO 20 K = l r N  
C ( I r J ) = C ( I , J ) + A ( I , K ) + B ( K , J )  

C ( I , J ) = G . O  

20 CONTINUE 
30 CONTINUE 

RETURN 
E N D  
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C SUBROUTINE - MATINV 
C COMPUTING THE INVERSE OF A SQUARE MATRIX BY U S E  OF GAUSS- 

E L I M I N A T I O N  METHOD a: 
SUBROUT 1 NE MAT I NV(  M r A  r B  1 
D IMENSION A ( 5 0 r 5 1 ) , B ( 5 0 , 5 1 ) , X ( 5 0 )  

N=M+1 

DO 2 0  I = l , M  
20 A ( I r N ) = O e O  

DO 30 I = l r M  
A(IrN)=l.O 
CALL GAUSS(M9A.X)  
00 25 J = l , M  
B (  J p I  ) = X (  J )  

DO 26 K = l s M  

C 

C 

2 5  CONTINUE 

A ( K r N ) = O . 0  
26 CONTINUE 
30 CONTINUE 

C 
RETURN 
END 
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C SUBROUTINE - SIMPSN 
C A SUBROUTINE TO COMPUTE INTEGRAL OF A FUNCTION BY THE SIMPSONS 
C RULE 

o c  - 
SUBROUT I NE SI MPSN ( N ,Y *He A !  

DIMENSION Y(200) 

CHECK=FLOATF(N)/Z.O 
ICHECK=CHECK 
IF(CHECK-FLOATF(ICHECK)) ls15el 

C 

C 

C 
1 K = l  
2 NL=N-1 

NLLrN-2 
SUMEVE=O.O 
SUMODD=O.O 
DO 5 1=29NL92 
SUMEVE=SUMEVE+Y(I) 

DO 10 1=3*NLL,2 
5 CONTINUE 

SUMODD=SUMODD+Y(I) 
10 CONTINUE 

C 

C 
A=(Y(~)+SUMEVE*~O+SUMODD*~.+Y(N~)*H/~O 

GO TO ( 1 0 0 1 2 0 1 9 K  
P L 

15 N=N-1 0 K = 2  
GO TO 2 

C 
20 N = N + 1  

ALAST=( Y ( N o 1  ) + Y  ( N  1 I*H/2.0 
A =  A+A LA ST 

C 
100 RETURN 

END 
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C SUBROUTINE - RUNHOD 

D I F F E R E N T I A L  EQUATION 
REFERENCE - RALSTON AND WILF+ MATHEMATICAL METHOD FOR D I G I T A L  

C A RUNGE-KUTTA METHOD M O D I F I E D  BY GILL TO SOLVE AN ORDINARY 

COMPUTERS9 19609 PI10 
a :  

C 
C 

SUBROUTINE RUNMOD(NwX,Y*Hj 
DTMENSf ON X ( 500  w Y t 500) 

C 
QO=O. 
NL=N-1 
DO 2 I = l r N L  
U=X(  I) 
V=Y(  I) 
T ~ = H + F U N C T ( U ~ V )  
Q 1 ~ 0 0 + 3 o + ~ T l ~ 2 o * Q O ~ / 2 o ~ ~ l / Z o  
Y ~ = Y ( I ) + ( T ~ - ~ O * Q O ) / ~ O  
U = X (  I ) + H / Z o  
V = Y 2  
TZ=H*FUNCT(U,V) 
QZ=Q1+3o*(  l o - S Q R T F (  005) I * (  T 2 4 1  I - (  l o -SQRTF ( 0 0 5 )  ) U T 2  
Y ~ = Y ~ + ( ~ O - S Q R T F ( O . ~ ) ) * ( T ~ - Q ~ )  
V = Y 3  
T3=H*FUNCT(U9V)  
Q ~ = Q ~ + ~ ~ * ~ ~ O + S Q R T F ~ O O ~ ~ ~ * ~ T ~ ~ Q ~ ~ - ( ~ ~ + S Q R T F ~ O ~ ~ ~ ~ * T ~  
Y4=Y3+(1o+SQRTF(OoS)  ) * ( T 3 - Q 2 )  
U = X ( ?  )+H 
V = Y 4  
T4=H+FUNCT(U*V)  
Q ~ = Q ~ + [ T ~ - ~ O * Q ~ ) ~ ~ O - T ~ / Z O  
Y ( I + l ) = Y 4 + ( T 4 - 2 o * Q 3 ) / 6 .  
X ( I + l ) = X ( I ) + H  
QO =Q4 

2 CONTINUE 

RETURN 
END 

C 



APPENDIX 2. LISTING OF CONTROL PROGR?MS 

AND NUMERICAL RESULTS 

50 



. 
51 

CCCNVRT CONTROL PROGRAM FOR SUBROUTINE CONVRT (CCNVRT)  
C 
C CASE1 0 . 0  THE U N I T S  ARE INTRODUCED AS H O L L E R I T H  ARGUMENTS 

C 
C 

PROBLEM 0 . 0  F I N D  A CONVERSION FACTOR FOR A U N I T  CONVERSION 
FROM RTU/SEC TO FT-LB/SEC 

e c  

CALL CONVRT(O9 8H BTU/SEC, 1 2 H  ( F T + L B ) / S E C t  FACTOR) 
WRITE OUTPUT TAPE 69 1009 FACTOR 

C 
100 F O R # A T ( l H l / l H O l S X t 8 H  R E S U L T S / l H O l O X 9 2 4 H  O R I G I N A L  U N I T  B T U / S E C / l H  

1010Xt28H DESIREO U N I T  = ( F T * L B ) / S E C / l H O l O X ~ 2 O H  CONVERSION FACTOR 
2s E 1 2 0 5 )  

C 
CALL E X I T  
END 
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CCCNVRT CONTROL PROGRAM FOR SUBROUTINE CONVRT (CCNVRT) 
C 

CASE2 0 - 0  THE UNITS ARE INTRODUCED AS INPUT DATA 
PROBLEM 0 . 0  FIND A CONVERSION FACTOR FOR A UNIT CONVERSION 

FROM CENT1 POISE(CP1 TO LB/(FT-HR) 
e :  

C 
C 

DIMENSION UNIT1(30),UNIT2(301 
N=12 
READ INPUT TAPE 59 100, (UNITl(I)rI=l,N) 
READ INPUT TAPE 59 100s (UNITZ(Ilrf=lrNI 
CALL CONVRT(N~UNITl~UNIT2~FACTOR) 
WRITE OUTPUT TAPE 6 9  101, ~ U N I T l ~ I ~ ~ I ~ 1 ~ N ~ ~ ~ U N I T Z o , I 1 1 , N ) r F A C T O R  

C 
100 FORMAT(12A6) 
101 FORMAT(lH1/1HO15X98H RESULTS/1YOlOX,1?H OP.!C-IMAL UNIT = 12/46/1H010 

1X917H DESIRED UNIT = 12A6/1HOlOX920H CONVERSION FACTOR = € 1 2 0 5 1  
C 

CALL EXIT 
END 
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RESULTS 

ORIGINAL U N I T  = CP 

CESIRED U N I T  = tB/(Fl*HR) 

CONVERSION FACTOR = 0124195E 01 



CCLNPLT CONTROL 
C 

55  
b 

PROGRAM FOR SUBROUTINE LNPLOT (CLNPLT) 

PROBLEM 0.0 TO LOT A DISPERSION GROUP VSo REYNOLDS NUMBER ON 
A LOG - LOG SCALE 

DIMENSION REYN( 200) 9DISP ( 2 0 0 )  

WRITE OUTPUT TAPE 6 s  1000 

C 

C 

C 
5 REYN ( 1 b25000 

DO 10 1=2tl6 
REYN( I)=REYN(I-l)+500oO 

10 CONTINUE 
C 

DO 11 1=17*20 
R€IN(1~~R€VN(f~l~+25000 

11 CONTINUE 
C 

DO 15 I=lr20 
T E R M ~ O o 6 3 0 8 2 5 3 2 * ~ L O C F ( R E V N ~ I ~ ~ ~ * ~ ~ 1 1 2 . 5 5 3 l 7 4 S O * ~ ~ O G F ~ R E Y N ~ I ~ ~ ~ + 6 l o  

125958824 

15 CONTINUE 
DfSP(I)=EXPF(TERM) 

C 
DO 20 I=21r40 
REYN(I)=REYN(I-l)+5OOOo 
F = O O S 0 ~ 4 + C . 0 3 + i i i . i R € ~ ~ ~ i j j ~ * ~ . i i j  
DfSP( I )=3o57*SQRfFtF) 

20 CONTINUE 
C 

0 
N-40 
SYMBOL=lH* 
CALL LNPLOT(N~REYNIDISP~SYM~OL) 

WRITE OUTPUT TAPE 6 9  1001 
C 

C 
1000 FORMAT(lHl/lH030X147H A PLOT OF OISPERSION CROUP V S o  REYNOLDS NUMB 

1001 FORMAT(lH060X916H REYNOLDS NUMBER) 
lER////j 

C 
CALL EXIT 
END 
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CCLACIN CONTROL PROGRAM FOR SUBROUTINE LAGINT(CLAG1N) 
C 

PROBLEM 0 0 .  FIND MASS RATES FROM PRESSURE DROP DATA IN A N  ORIFICE 
MANOMETER BY A N  INTERPOLATION OF CALIBRATION CURVE 
(SEE TEXT FOR NUMERICAL VALUES) 

e: 
C 
C 

C 
DIMENSION PDROP(20)~RATE(2O)~PDROPV(2O)~RATEV(20) 

READ INPUT TAPE 59 1009 NI(PDROP(I),I=lrNI 
READ INPUT TAPE 5 9  1019 (RATE(I),I=l,NI 
READ INPUT TAPE 59  100, NVs(PDROPV(I),I=lrNV) 

CALL LACINT(N~PDROP~RATEINV,PDROPVIRA~EV)  

WRITE OUTPUT TAPE 6 9  102 
WRITE OUTPUT TAPE 6 9  103s ~ P D R O P ~ I ~ ~ R A f E ~ I ~ r I ~ l ~ N ~  
WRITE OUTPUT TAPE 6 ,  104 
WRITE OUTPUT TAPE 6 ,  103, IPDROPV(I)rRATEV(I)sI=l~NV) 

C 

C 

C 
100 FORMATII4/(1ZFS.l)) 
101 FORMAT(12F5.2) 
102 FORMAT~1H1/1HO1OX~20H CALIBRATION T A B L E / ~ H O ~ ~ X I ~ S H  PRESSURE 

103 FORMAT(lSX,FS.1,6X*F5.2) 
104 F O R M A T ( / / / / ~ H O ~ ~ X I ~ H  RESULTS/lHOlZX,18H PRESSURE MASS/lSXs16H 

lMASS/lSX,16H DROP RATE / 1 

lDROP RATE/) 
C 

CALL EXIT 
END 



CbLIf R A T I G h  TABLE 

R E S U L T S  

PRESSURE 
DROP 

1 0 5  
3.5 
4.0 
5 0 s  

P A S S  
R A T E  
1.32 
1.e7 
2.29 
2.64 
2096 
3.23 
3.49 

PASS 
R A T E  
1-61 
2 0 4 7  
2.64 
3.10 



59 
CCCAUSS CONTROL PROCRAM FOR SUBROUTINE GAUSS ( CGAUSS 
C 

0 :  
C 
C 

C 

C 

c 

C 

C 

PROBLEM 0 .0  COMPUTE THE RATE OF PRODUCT(P),WASfE(W)* AND A I R  
LEAVING ABSORBER ( A )  I N  AN ACETONE RECOVERY SYSTEM 

(FOR EQUATIONS9 SEE TEXT) 

D IMENSION C O E C N T ( S 0 9 5 1 ) * X ( 5 0 )  

READ INPUT TAPE 59 1009 M I ( ( C O E C N T ( I ~ J ) , J ~ ~ ~ M ) ~ I ~ ~ ~ M )  
5 READ INPUT TAPE 59 1 0 1 9  F 

N=H+1 
C O E C N T ( l ~ N ) ~ F * O . 0 2 9 5  
COECWT( 2 ,N)=1200 
COECNT(39N)=F*Oo9705 

C A L L  CAUSS(MsCOECNT9XI 

WRITE OUTPUT TAPE 6 9  1029 F 
WRITE OUTPUT TAPE 69 103, ( ( C O E C N T ( I . J ) , J t l 9 N ) , I = l r M )  
WRITE OUTPUT TAPE 69 104. PIWIA 

C 
100 F O R M A T ( 1 4 / ( 3 F 5 . 2 1 ~  
101 FORMAT(F10.0) 
102 F O R M A T ( 1 H 1 / 1 H O 1 O X ~ 2 1 H  THE RATE OF FEED I S  F90097H LB/HRo 1 
103 F O R M A T ( l H O / l H O l O X ~ 2 3 H  ORIGINAL EQUATIONS AR€/ / (16XsF502 ,7H * P + 

104 F O R H A T ( l H O / l H O l O X ~ 1 9 H  RESULTS ( I N  L B / H R ) / l H 0 1 5 X * 3 H  P=F801/16X93H W 
1 F S o 2 ~ 7 H  * W + F502r7H * A = F80lll 

l’F801/16X13H AzF8.1) 
C 

GO TO 5 
END 

* DATA 
3 

0.99 0.05 0.00 
0101 0.95 0.00 
0.00 0.00 1.00 

50000.0 
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Tt-E ItfiTF O f  F i F C  IS 50000- LB/HRo 

IJI-. I G I iri AL t ULA T I UN S ARC 

3-99 P + 0-05 W + 0. A = 1 4 7 5 - 0  
b o 0 1  P + 0.95 + w + 0. 4 = 120.0 
6 -  * P + 0- W + 1-00 A = 4P525-0 

R t S U L l S  ( I N  Le/HR) 
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CCL E ASQ CONTROL PROGRQM FOR SUBROUTINE LEASQU (CLEASQ) 
C 
C PROBLEM 0 0 -  FIND A STRAIGHT LINE FORMULA WHICH WILL BEST FIT THE 
C DATA OBTAINED IN A CALIBRATION EXPERIMENT OF A FLOW 
C METER 
C (SEE TEXT FOR NUMERICAL VALUES) 
C 

DIMENSION READNG~200)s08SRVD(20O~~C(50~ 
C 

READ INPUT TAPE 59 100s N.(READNG(1)91=19N) 
READ INPUT TAPE 5 s  101, (OBSRVD(I)rI=lsN) 

C 
MDECRE-1 
CALL LEASQU(NIREADNGIOBSRVD~MDEGRE,C) 

WRITE OUTPUT TAPE 6 s  102 
WRITE OUTPUT TAPE 6 9  103s (READNC~I)rOBSRVD(I)~I~l~N) 
WRITE OUTPUT TAPE 6 9  104s C(1)9C(2) 

C 

C 
100 FORMAT(14/(12F6.1)) 
101 FORMAT(12F6.1) 
102 FORMAT(lHl/lH012Xs18H CALIBRATION TABLE/lHOlOX,22H READINGS OB 

103 FORMAT(12X,F6.1,7X*F6ol) 
104 FORMAT(lHO/lHO11HO15Xs7H RESULT/lHOlOX~14H FLOW RATE * (E1205915H) 

lSERVEDI13X919H (GPH) (GPH)//) 

1 * READING + (E120591til ) 
C 

CALL EXIT 
END 
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CALI R R A T I C N  T A R L E  

2o.u 
3c .(i 
4c.u 
5L.O 
6C-0 
70.L 
HC.d 
9c . i  

12b.C 
wa.t, 

19.8 
29.7 
39.7 
4 3 0 6  
60-2 
7 0 . 3  
eo.2 
90.0 

1C2.5 
120.5 
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CCMTMPY CONTROL PROGRAM FOR SUBROUTINE MATMPY (CMTMPY) 
C a: 
C 

C 

PROBLEM 0 . 0  FIND THE PRODUCT OF TWO MATRICES* A A N D  B 
(SEE TEXT FOR NUMERICAL VALUES) 

DIMENSION A ( 5 0 , 5 1 ) * B ( 5 0 * 5 1 ) , C ( 5 0 * ~ 1 )  

READ INPUT TAPE 5 s  1001 N 
READ INPUT TAPE 5, 1019 ~ ~ A ~ I ~ J ~ ~ J ~ l ~ N ~ ~ I ~ l r N ~  
READ INPUT TAPE 59  1011 ((B(IrJ),J=l,N)rlrl,N) 

C 

C 
I CALL MATMPY(N,A,B*C) 

WRITE OUTPUT TAPE 6 9  1029 ((AfI,J)*J=lrN),I=l,N) 
WRITE OUTPUT T4PE 69 103. ~ ! ~ ! ~ * ~ ~ ~ ~ = l ~ ~ ~ ~ ~ = ~ ~ ~ ~  
WRITE OUTPUT TAPE 6, 1041 ((C(IrJ)*J=l*N),I=lrM) 

C 
100 FORMAT(I4) 
101 FORMAT(4F10.5) 
102 F O R M A T ( ~ H ~ / ~ H O ~ O X I ~ ~ H  ORIGINAL MATRICES/lHOlOX~!5H A = 4F1005/(16X, 

103 FORMAT(lHO/lHOlOX*5H 6 = 4FlOe5/(16X,4F10.5)) 
104 FORMAT(////lHOlZX,7H R E S U L T / ~ H O ~ O X I ~ ~ H  THE PRODUCT MATRIX/lHOlOX*S 

14F10.5 1 1  

1H C = ~ F ~ O O ~ / ( ~ ~ X , ~ F ~ O . S ) I  
C 

CALL EXIT 
END 

DATA 
4 
8.467 5.137 
5.137 6.421 
3.141 2.617 
2.063 2,003 
0.25087 -0.16214 

-0.16214 0.33074 
-0.08116 -0005994 
-0.01760 -0.06686 

3.141 
2.617 
4.128 
1.628 

-0.08 116 
-0 05 994 
0 37908 

-0 09604 

2.063 
2.003 
10628 
30446 

-0 0 1760 
-0.06686 
-0009604 
0.38497 
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A =  8,46700 5-13700 3-14100 2,06300 
5 - 1 3 7 0 0  6 - 4 2 1 0 0  2-61700 2-00300 
3 , 1 4 1 0 0  2,61700 4-12800  1,62800 
2,06300 2-00300 1-62800 3-44600 

R =  0 - 2 5 0 8 7  -0.16214 -0-08116 -0,01760 
-0.16214 C - 3 3 0 7 4  -0,05994 -0.06686 
-01C8116 -G*O5994 0-37988 -0,09604 
-0,01760 -0.06686 -0-09604 0.38497 

RESULT 

THE PRODUCT M A T R I X  

c =  0.99997 - C - 0 0 0 0 3  -0-00001 0,00005 
-0-00003 0.99998 -0-00002 0-00004 
-0~00002 - 0 ~ 0 0 0 0 2  1,00000 0,00002 
0~00000 -0,00000 -0100000 L,00002 

a 
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CCMT I N V  CONTROL PROGRAM FOR S U B R O U T I N E  M A T I N V  ( C M T I N V )  
C 

1 . 5  
C 

C 

C 

C 

PROBLEM 0 0 0  I N V E R T  M A T R I X  A 
(SEE T E X T  FOR N U M E R I C A L  VALUES) 

D I M E N S I O N  A ( 5 0 * 5 1 ) 9 B ( 5 0 * 5 1 1  

READ I N P U T  T A P E  5 s  1001 N, 4 ( A (  I ~ J I r J = l ~ N ~ ~ X = l ~ N I  

C A L L  M A T I N V ( N g A q f 3 )  

W R I T E  OUTPUT T A P E  69 1 0 1 s  ( ( A ( I r J ) ~ J = l ~ N ) * f ~ l , N )  
W R I T E  OUTPUT T A P E  69 1029 ( ( B ( I , J ) r J = 1 9 N ) , I = l , N )  

C 
100 F O R M P T f I ~ / ! 4 F 8 o 5 ) !  
101 F O R M A T ( l H 1 / 1 H O l O X i 1 6 H  O R I G I N A L  M A T R I X / l H O l O X * S H  A = 4 F 1 0 0 5 / ( 1 6 X * 4 F  

102 F O R M A T ( / / / / l H o l Z X 9 7 H  R E S U L T / ~ H O ~ O X I ~ ~ H  I N V E R S E  M A T R I X / ~ H O L O X I ~ H  B 
110.5) 1 

I= 4 F l O e 5 / ( 1 6 X ~ 4 F 1 0 0 5 ) )  
C 

C A L L  E X I T  
END 

* D A T A  
0 

4 
80467 5.137 30141  2.063 
5.137 60421  2.617 2.003 
3.141 2.617 40128 1.628 
2.063 2.003 1.628 3ea46 



t =  P . 4 6 7 7 0 C  5.1370C 3.14100 2006300 
5 . 1 3 i S C  6.42100 2,61700 3.00300 

7 , ( ~ h 3 i C  L.CO~GC 1,62800 3.44600 
3.141LC. 2.6170C 4 . 1 2 A 0 0  1-62800 
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CCSVPSN CONT?OL PROGRAM FOR SUBROUTINE SIMPSN (CSMPSN) 
c 
C PROBLEM 0 . 0  FIND AN AREA UNDER THE CONCENTRATION CURVE OBTAINED 

C 
C ALSO*  COMPUTE DIMENSIONLESS VARIANCE WHICH WILL BE 
C U S E D  TO DETERMINE A D ISPERSION COEFFICIENT. 
C SOME OTqEP NECESSARY DATA ARE 
C VELOCITY = 1017 F T I S E C  
C LENGTH = 9 0 0  F T  
C 

C 

B Y  LEVENSPIEL AND SMITH I N  THEIR DISPERSION EXPERIMENT 
(SEE TEXT FOR CONCENTRATION DATA) 

oc 

DIMENSION CONC(200~~T1ME(200)~TCONC~200~~TSQCON(200~ 

READ TNPUT TAPE 59 1001 N ~ V E L I A L  
READ INPUT TAPE 5 9  101, ( T I M E ( I I + I = l * N )  
READ INPUT TAPE 59 1 0 2 9  ( C O N C ( I ) * I = l , N )  

H= T I ME ( 2 -T I ME ( 1 1 

C A L L  SIMpSN(N,CONC*H*AREA) 

DO l o  I = l , N  
TCONC(I)=TIME(I)*CONC(T) 
TSOCON(I)=T~ME(I)**2*CONC(I) 

C 

C 

C 

1” COMTINIJE 
c 

c 

C 

C 

CALL STMPSN(N,TCONC,H,FIRSTM) 

C A L L  STMPSN~NITSQCON.H,SECNDM) 

V A R = ( S E C N D M / A R E A - ( ( F I R S T M / A R E A ) * * Z ) ~ * ( ( V € L / A ~ ) * * 2 ~  

WRITE OUTPUT TAPE 69 103, VELpAL 
WRITE OUTPUT TAPE 69 104, ( T I M E ( I ) , C O N C ( I ) , I = l , ”  
WRITE OUTPIJT TAPE 69 1 0 5 1  AREA9VAR 

0 

c 
100 FORMAT( I492F5 .2 )  
101 F O Q M A T ( 1 4 F S o l )  
703 FORMAT(7F10.5) 
103 F O R M A T ( l H 1 / 1 H O l O X * 1 8 H  EXPERIMENTAL D A T A / l H 0 1 2 X , l l H  VELOCITY zF5.29 

17H F T / S E C / 1 3 X , l l H  LENGTH = F 5 0 2 * 3 H  F T / l H O / l H O 1 3 X , 1 4 H  TIME CON 
?C//) 

104 F O R M A T ( ~ ~ X I F ~ ~ ~ ~ ~ X , F ~ O ~ )  
105 FORMAT( / / / / lHO lOX,8H RESULTS/ lHOlOX930H AREA UNDER THE CONCo CURVE 

1 = E 1 2 o 5 / 1 H O l O X ~ 3 0 H  DIMENSIONLESS VARIANCE = € 1 2 0 5 )  
C 

CALL F X I T  
END 

* D A T A  
3 3  1.17 9.00 
0 0 0  2 0 0  4.0 6.0  8.0  10.0 12.0 1400 1600 18.0 2000 22.0 24.0 2 6 0 0  

28.0 3 0 0 0  32.0 3400 3600 38.0 40.0 42.0 
OoOOOO@ 11000000 53.00000 64000000 58000000 ~ 8 0 0 0 0 0 0  39.00000 

2 9 a r ) O O O O  2 2 0 @ @ 0 0 0  16.00000 11000000 9.00000 7.00000 5 0 0 0 0 0 0  
4a0000n 2.0q0’30 2000000 2 0 0 9 0 0 0  1000000 1000000 1000000 
1.00090 
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V E L O C I T Y  = 1 . 1 7  F T / 5 E C  
LEiJGTH = 9 e C O  FT 

1 I M F  

0, 
2.0 
4-0 
6-0 

10.0 
12-0 
14-0 

18.0 
20-0 
22-0 
24.0 
26.0 
28.0 
30.0 
32.0 
34-0  
36-0  
3 8 - 0  
40-0 
42-0 

8.0 

l b - 0  

CCNC 

0- 
11.c 
5 3 , c  
6 4 - C  
5 8 - c  
4 8 - 0  
39-0 
29.0 
22-0 
16-0 
11-0 

9 - C  
7.0 
S e C  
4.0 
2 - c  
2-0 
2 - c  
1.c 
1.0 
1-0 
1.c 

K t S U L T S  

A k € A  CINDER THE CUNC. CURVE = 0e76400t 03 

D l M E Y S I O N L E S S  V A R I A N C E  = 0.79132E 00 
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CCRUNMO CONTROL PROGRAM FOR SUBROUTINE RUNMOD (CRUNMO) 
C 
C PROBLEM 0 . 0  F I N D  THE CONCENTRATION OF SALT I N  A M I X I N G  TANK A S  

A FUNCTION OF T I M E  
(SEE TEXT FOR THE STATEMENT OF PROBLEM) ~ ac C 

C 

c 
D I M E N S I O N  T f M E ( 2 0 0 ) r C O N C ( 2 0 0 )  

N=181 
H=100 
T I M E ( l ) = O o O  
CONC( 1 It000 

C A L L  R U N M O D I N r T I M f r C O N C e H )  

W R I T E  OUTPUT TAPE 6r 100 
WRITE OUTPUT TAPE 6 9  1019 ( T I M E ( I ) r C O N C ( I ~ r I ~ l ~ N )  

C 

C 

C 
100 F O R M A T ( l f l l / l H O 1 5 X ~ 2 0 H  M I X I N G  TANK P R O B t E M / l H O l O X r  14H SALT 2 CB/GA 

l L / 1 4 X 9 1 8 H  5 G A L / M I N  ------+/30X92H 1 / 2 7 X r 5 H  I 1 r 7 X r 2 H  I / 2 f X * 5 H  I 
2 1 9 7 X 9 2 H  1 / 2 7 X 9 2 H  I 9 1 0 X 9 2 H  1 / 2 7 X r 1 4 H  I-------- 1 / 2 7 X 9 1 4 H  I VO-10 

4 X r 2 H  I 3 0 G A L  I / 2 ? X 9 2 H  194Xr2t -4 C r 4 X s 8 H  I---- + / 2 7 X 9 1 4 H  --------- 
4/45X92H 1 / 4 3 X r 9 H  C L B / G A L / 4 2 X r l O H  1 G A L / M I N / / / / l H 0 2 1 X r 7 H  R E S U L T / l H  
5017X95H T I M E 7 X 9 5 H  C O N C / l 8 X r 6 H  ( M I N 1 r 4 X 9 9 H  ( L B / C A L ) / / )  

101 FORMAT(l7X,F6rl9SX~F9.5) 
C 

C A L L  E X I T  
END a 

C FUNCTION RPOCRAM FOR M I X I N G  TANK PROBLEM 
C 

C 

c 

F U N C T I O N  FUNCT(T1MErCONC) 

F U N C T = ( l O ~ ~ 5 o O * C O N C ) / ( 1 0 0 . 0 + 4 . O + 4 ~ O * T I M E ~  

RF TlJR N 
END 



PIXINC, T P N K  PHC@Lflv  

R E S U L T  

TIPE CChC 
(MI&) ( LE /GAL 1 

0 .  
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7 .0  
8.G 
9.3 

10.0 
11.0 
12.0 
13.0 
14.0 
15.9 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.G 
25.c 
2c.o 
27.0 
28.0 
29.C 
30.0 
31.0 
32.0 
33.0 

C. 
C O O 9 5 6 9  
C.18344 
C.26417 
C.33EEE 
Oo4C760 
0.47 154 
C.531Cl 
C.58645 
0.63822 
0.6et i t0  
C.73212 
C.774f21 
C o 8 1 4 S 8  
C.85284 
C.88858 
C.92236 
c.95433 
c 1 9 e 4 c 4  
1 01343 
1.04C73 
1.06673 
1009148 
1.115CB 
1.13763 
1.15913 
1,17966 
1.19933 
1,21817 
1,23623 
1.25355 
1.27G17 
1.2EC14 
1.3C143 



34.0 
35.0 
35.0 
37.0 
38.0 
39.0 
40.0 
41.0 
42.0 
43.0 
44.0 
45.0 
46.0 
47.0 
48.0 
49.0 
50.9 
51.0 
52.0 
53.0 
54.0 
55.0  
56.0 
57.0 
5 8 . 0  
59.0 
60.0 
61.0 
62.0 
63.0 
64.6 
65.0 
6600 
67.0 
68.0 
69.0 
70.0 
71.0 
72.0 
73.0 
74.0 
75.0 
76.0 
77.0 
78.0 
79.0 
80.0 
81.0 
82.0 
83.0 
84.0 
85.0 
86.0 
87.0 
88.0 
89.0 
90.0 
91.0 
92.0 
S3.0 

1,31626 
1.33048 
1.34417 
1.35736 
1037CC9 
1.38237 
1,39422 
1.4C567 
1.41674 
1 42744 
1.43780 
1044782 
1.45752 
1.466’32 
10476C4 
1048487 
1.49344 
1.5C176 
1.5C984 
1.51768 
1.52530 
1.53270 
1.539‘3C 
1.54651 
1055372 
1.56035 
1.566el 
1.573CS 
1.57922 
1.58519 
1.5SlCO 
1.59668 
1.60221 
186G761 
1,612137 
1.618C1 
1.623G3 
1 . 6 2794 
1- 63272 
1.63740 
1o641S8 
1 6464 5 
1.650132 
1.655C9 
1.65927 
1.66336 
1.66736 
1.67128 
1.675 12 
1.67287 
1.68255 
1,6i?6 1 5  
1.613968 
1.69314 
1 69653 
10659e6 
1.7C312 
107C631 
1 07CF45 
1.71252 
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94.0 
95.G 
96.C 
97.0 
98.C 
39 .8  

1co.o 
101.0 
102.0 
103-0 
ie4.c 

1~7.0 

1C5.0 
106.0 

198.0 
10900 
1 1 G o O  
111.0 
112oG 
113.0 
114.0 
115.6 
116.0 
117.0 
118.0 
119.0 
120.0 
121.0 
12200 
123.0 
124.0 
125.0 
126.0 
127.0 
128.0 
129.0 
130.0 
131.0 
132.C 
133.0 
134.0 
135.0 
136.0 
137.0 
13800 
139.G 
140.G 
141.0 
142.G 
143.G 
144.0 
145.0 
146.0 
147.0 
148.0 
143.0 
15OoO 
151.0 
152.0 
153.0 

1.71554 

1.7214C 
1.72426 

1.72.it?C 

1.71E5rJ 

1.727C5 

1.72250 
1.73515 
1.73776 
1o74C32 
1.742e3 
1.7453C 
1.74773 
1.75011 
1.75246 
1.75477 

1.75127 
10757C4 

1.76146 
1076362 
1.76574 
1.76783 
1.76Y83 
1.77191 
1.77351 
1.775f27 
1.777eC 
1.77F7C 
1.7'3157 
1.7e341 
1.76323 
107E7C2 
1.7@878 
1.75CSl 
1 75222 
1.7S351 
1.7S557 
lo75721 
i.74ae2 
1.8CC41 
1.8ClF8 
1.8C352 

1.8C655 
1.8C8C3 

1.8C5C5 

1.8C550 
1.81054 
1.81236 
1 . e 1376 
1.81515 

1.817136 
1.81419 
1.82C51 
1.821eO 
lo823c8 
1.82434 
1.82559 
1.826E2 
1.828C4 

i.ait5i 
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154.0 
155.0 
156.0 
157.0 
158.0 
159-G 
160.0 
161-0 
162.0 
163.0 
164.0 
l65.G 
166.0 
167.0 
168.0 
169.0 
170.0 
171.0 
172.0 
173.0 
174.0 
115.0 
176.0 
171.0 
178.0 
179.0 
180.0 

1..82924 
1.83042 
1,83159 
1,83275 
1.833E9 
1 0 8 3 x 2  
1,83613 
1.83723 
1.83832 
1,83939 
1,84045 
1.84150 
1,84254 
1.84356 
1,84458 
1.84558 
1,84657 
1,84754 
1,84851 
l o  84947 
1 . a504 I 
1-85135 
1.85227 
1-85318 
1,854C9 
10854S8 
1.~5586 

73 
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